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A Record of People 
of Interest to Institute Members i 


Tex Johnston Wins Chanute Award 


Boeing’s Chief of Flight Test Honored by IAS 


During Summer Meeting in Los Angeles 


| HE OCTAVE CHANUTE AwarD for 1956 was presented to A. M. ‘“‘Tex’”’ 
Johnston, Chief of Flight Test, Boeing Airplane Company, during the IAS National 
Summer Meeting in Los Angeles. The ceremony took place on the evening of June 


90 at a dinner in the Biltmore Hotel. 

More than 1,000 members and guests 
saw Edward R. Sharp, President of the 
Institute, make the presentation to the 
4|-year-old test pilot who has taken 
eleven different types of airplanes off 
the ground for their first flights. 


Another guest of honor at the dinner 


was Theodore von Karman, Professor 
Emeritus of California Institute of 
Technology. Coming a month after his 
75th birthday, the affair had been 
planned as a tribute to the noted aero- 
dynamicist. 

The Chanute Award, consisting of a 
certificate and an honorarium of $200, is 
given annually by the Institute for ‘‘a 
notable contribution made by a pilot to 
the aeronautical sciences.’’ It was 
established in 1939 to honor the memory 
of Octave Chanute, the American 
pioneer in experiments with gliders, who 
died in 1910. 

In presenting the certificate, Dr. 
Sharp said Mr. Johnsten had been 
selected by the Award Committee for 
his outstanding flight-test work over a 
period of years—not for any single 
achievement. He read a citation com- 
mending the experimental pilot for 
“combining the practical with the sci- 
entific approach in the initial flight test- 
ing and evaluation of high-performance 
jet aircraft and engines.”’ 

Mr. Johnston, who used to do aero- 
batics in a Ford Trimotor, has been a 
test pilot for nearly 14 years. He says 
he has flown more than 60 types of air- 
planes, ranging from World War II 
fighters to the huge Boeing 707 jet 
transport. He has logged 12,600 
hours in the air, including 2,600 hours 
flying jets. 

A native of Emporia, Kan., Mr. 
Johnston took flying lessons after gradu- 


ating from high school and eventually 
joined a flying circus. Later, he studied 
aeronautical engineering at Kansas 
State College, working part time as a 
flight instructor. 

His first taste of life as a test pilot 
came when he joined Bell Aircraft Cor 
poration in 1942, after a term as a 
civilian flight instructor and ferry pilot 
for the Air Force. Some of the (then) 
experimental planes that he flew were 
the P-63, XP-77, TP-39, L-39, X-1, and 
the P-59, America’s first jet-powered 
fighter. 

In 1943 Mr. Johnston flight-tested 
America’s first jet engine, the I-16, for 
General Electric Company and the Air 
Materiel Command. 

In 1946, flying a moditied P-39, he 
won the Thompson Trophy Race by 


and Events 


setting a closed-course record of 376.4 
m.p.h. 

In 1949, following a period of develop- 
ment work on Bell helicopters, Mr. 
Johnston joined Boeing Airplane Com- 
pany as a test pilot for the B-47 jet 
bomber. He conducted all the high- 
speed and stall tests on the B-47. 

Two years later, he took charge of 
flight testing the giant B-52 jet bomber 
and was the pilot on its maiden flight. 

In October, 1953, Mr. Johnston was 
named Chief of Flight Test, a position 
in which he directs the work of 600 per- 
sons and the operation of the $5,000,000 
Flight Test Center at Boeing’s main 
plant in Seattle. On July 15, 1954, he 
took the 707 jet tanker-transport proto- 
type off the runway at Renton, Wash., 
on its initial flight. Despite his ad- 
ministrative duties, the Chief still 
spends a good deal of time flying the 707 
and the B-52. 

Mr. Johnston lives on Lake Washing- 
ton, in Bellevue, Wash., about 15 miles 
from the plant. 


The winner of the Chanute Award last 
year was Major Gen. Albert Boyd, 
USAF, who was then Commander of 
Wright Air Development Center at 
Wright-Patterson AFB, Dayton, Ohio. 


A. M. “Tex"’ Johnston in the cockpit of the Boeing 707. 
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American Helicopter Society’s Twelfth Annual Forum 
in Washington Sets Record for Attendance 


With more than 600 registrations for 
the technical sessions and 850) persons 
present at the Honors Night Dinner, 
the Twelfth Annual National Forum of 
the American Helicopter Society was the 
largest meeting conducted by the 
organization to date. The Forum was 
held May 2-5 in the Sheraton Park 
Hotel, Washington, D.C. 

Rear Admiral Lawrence B. Richard- 
son, USN (Ret.), FLAS, addressed the 
Honors Night audience on ‘‘The Value 
of Technical Societies to Industry.”’ He 
is Semor Vice-President for Engineer- 
ing, General Dynamics Corporation. 
At a luncheon the following day, Major 
Gen. Hamilton H. Howze, USA, spoke 
on “The Army’s Stake in the Helicop 
ter.” 

At the Honors Night Dinner, the 
Ir. Alexander Klemin Award for 1956 
was presented to Charles H. Zimmer 
man, AFIAS, Assistant Chief of the 
Stability Research Division, Langley 
Aeronautical Laboratory, National Ad 
visory Committee for Aeronautics. 

Established in 1951 by Frank N. 
Piasecki, FIAS, the award is given 
annually for ‘‘notable achievement in 
the advancement of rotary-wing aero 


nautics.”” Honoring Mr. Zimmerman 
for his pioneering research on_ the 
“flying platform,” the plaque was 


accompanied by the following citation: 
“For outstanding initiative and the 
highest tvpe of creative imagination and 


bi / 


L. B. Richardson, FIAS, a Past-President 
of the Institute, speaking at the Honors 
Night Dinner of the American Helicopter 
Society in Washington. 


engineering design. In 1947 Mr. Zim 
merman conceived the idea of a rotor 
powered air-borne platform capable of 
lifting a man and being controlled in 
direction by the simple principle of 
shifting the weight of the man’s body. 
He reduced this idea to practice by 
constructing, as a private venture, a 
prototype deriving its thrust from an air 
jet. Having demonstrated the basic 
principle, he then proceeded to show 
that rotor-sustained platform could 


Brig. Gen. William B. Bunker, USA, MIAS, President of the American Heli- 
copter Society, presents the Dr. Alexander Klemin Award to Charles H. Zimmer- 
man, AFIAS, Head of the Dynamic Stability Branch at Langley Aeronautical 
Laboratory, NACA, for his research on ‘‘flying platforms." 
Vest, Awards Chairman. 


At right is J. P. W. 


equally well be controlled by the same 
means. 

“This idea, astonishing in its brill 
ance and simplicity, is the basis of 
several successful projects which will 
provide the Services with direct-lift 
vehicles of unparalleled simplicity ca- 
pable of being used to a maximum effec 
tiveness by personnel with minimum 
training. Mr. Zimmerman’s originality 
of thought and_ resourcefulness in 
execution have thus resulted in a major 
contribution to the progress of direct 
lift aircraft.” 

Lieutenant General James M. Gavin 
USA, Chief of Army Research and 
Development, accepted the Capt 
William J. Kossler Award on behalf of 
all the military services and the heli 
copter industry. The award was given 
this vear to ‘“‘those organizations that 
participated in the numerous rescues 
during the diasastrous floods in the 
United States and Mexico during the 
vear 1955: the U.S. Army, Navy 
Marine Corps, Air Force, Coast Guard 
and the Helicopter Industry of the 
United States.” 

The Kossler Award is given for 
‘greatest achievement in practical appli 
cation or operation of rotary-wing air 
craft, the value of which has _ been 
demonstrated in actual service during 
the preceding year.’ During the floods 
in New England, Mexico, and Cali 
fornia, thousands of persons were re 
moved from precarious and inaccessible 
places by helicopters. 

Honorary Fellowships in the Ameri 
can Helicopter Society were presented 
to Jackson E. Beighle, Sales Manager 
of Sikorsky Aircraft Division, United 
Aircraft Corporation, and Friedrich L 
von Doblhoff, Helicopter Chief Engi 
neer, McDonnell Aircraft Corporation 

Seventeen papers and a film were 
presented in the technical 
which ran for 2 days. Industrial dis 
plays were set up in the hotel’s Ex 
hibition Hall. The last day was de- 
voted to a display and demonstration 
of military and commercial helicopters 
at Anacostia Naval Air Station 

Charles M. Seibel, MIAS, Chief 
Engineer of the Helicopter Division of 
Cessna Aircraft Company, was elected 
President of the American Helicopter 
Society, succeeding Brig. Gen. William 
B. Bunker, USA. Rene H. Miller, 
MIAS, of the Massachusetts Institute 
of Technology faculty, was elected 
Secretary. Colonel Robert R. Williams 
USA, MIAS, of the Army Aviation 
Service Test Board, was named Treas- 
urer. 

Regional Vice-Presidents elected were 
Bruce A. Goodale, Comdr. William G. 
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Knapp, USN, Marvin D. Marks, 
Herbert F. Moseley, H. Stever Tremper, 
and Robert H. Wheelock. 

Speaking at the Honors Night Dinner, 

Mr. Richardson remarked that there 
are now more than 100 national and 
international societies in engineering 
and scientific fields in North America. 
New societies are formed almost every 
year, and seldom does one expire. 
' “Whatever duplication of effort there 
mav be,”’ he said, “is justified by the 
fact that bigness, in itself, does not 
engender efficiency or quality, especi 
ally where there exists the great diver 
knowledge and techniques 
required by today’s engineering pro- 
fession as a whole. 

“Furthermore, there is some ad- 
vantage in having a number of societies 
including some of the older ones which 
originally had no aeronautical connec 
tion) holding technical meetings and 
discussions in the broad field of avia 
tion. Each meeting offers opportuni 
ties for interchange of information and 
for young engineers and scientists to 
gain recognition and 
fessional leadership. 

“The element of competition, which 
undeniably has developed among the 
societies, has its advantages also—if not 
overemphasized—in that competition 
tends to enhance the quality of the 
meetings, the papers accepted for pres 
entation, and the discussion. In the 
matter of spontaneous and informal 
discussion from the floor at technical 
meetings, the American societies are 
noticeably weak, particularly in com 
parison with their British and Canadian 
counterparts.”’ 

Mr. Richardson pointed out that the 
technical societies can perform a valu- 
able service in connection with the 
esprit de corps, the ambition, and the 
general work satisfaction of engineering 
emplovees. 


sity of 


develop pro- 


“I think that mature professional 
engineers are content to work in the 
large engineering departments which 
are now so necessary,” he said. “‘How- 
ever, some young engineers employed 
in the major companies may feel that 
they are individually helpless and 
disregarded, in spite of the best efforts 
of engineering management to provide 
training and broadening assignments. 
To these discontented engineers the 
technical society offers tangible help 
through its local section activities, 
including opportunity for self-improve 
ment, expression, and recognition of 
initiative, 

“The societies and their local sections 
must scrupulously avoid any action 
which smacks of negotiations or of 
attempts to serve the selfish interests of 
groups of engineers against employers 
or against other employees. However, 
the technical society does help its 
members to attain greater professional 


IAS NEWS 


Donald W. Douglas 


competence and the wider opportuni- 
ties which this brings. The society 
builds up the entire profession in 
knowledge, skill, and status. In the 
long run, the individual stands to profit 
more from this effort than from any 
sort of pressure-group action.” 

Mr. Richardson urged industry to 
support more engineering scholarships. 
He also discussed the work of the 
Engineers Joint Council. 


Donald W. Douglas Wins 
Elmer A. Sperry Award 


Donald W. Douglas, President of 
Douglas Aircraft Company, Inc., has 
been chosen to receive the 1956 Elmer 
A. Sperry Award “‘in recognition of his 
distinguished engineering contribution 
which has advanced the art of trans- 
portation through the development and 
production of the ‘DC’ series of air- 
planes.”’ 

The selection of Mr. Douglas, who is 
an Honorary Fellow and a Benefactor 
of the IAS, was announced by Robert 
B. Lea, AMIAS, Chairman of the 
Elmer A. Sperry Board of Award. 
The annual award is sponsored by four 
societies: the American Institute of 
Electrical Engineers, The American 
Society of Mechanical Engineers, The 
Society of Automotive Engineers, and 
The Society of Naval Architects and 
Marine Engineers. 

The bronze medal, accompanied by a 
certificate and honorarium, will be 
presented during the National Aero- 
nautic Meeting of the Society of 
Automotive Engineers in Los Angeles in 
October. 

The Sperry Award, which was pre- 
sented for the first time last year, is 
given for ‘‘a distinguished engineering 
contribution which, through application 
proved in actual service, has advanced 
the art of transportation, whether by 
land, sea, or air.”’ 
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Mr. Douglas has pioneered in many 
fields of aviation, but perhaps is best 
known throughout the world for his 
“DC” series of transport planes, in- 
cluding the twin-engined DC-3, work- 
horse of the commercial air lines for a 
decade. It was the most widely used 
passenger plane ever built, and many 
DC-3’'s are still in service throughout the 
world. 

The 1955 award went to William 
Francis Gibbs, AFIAS, the naval archi- 
tect and engineer who designed the 
S. S. ‘United States.” 


McDonnell Aircraft Corp. 
Forms Research Dept. 


McDonnell Aircraft Corporation, St. 
Louis, has established a Research 
Department under supervision of Ken- 
dall Perkins, FIAS, Vice-President for 
Engineering. 

Albert E. Lombard, Jr., FIAS, 
formerly with the Directorate of Re- 
search and Development, U.S. Air 
Force, has joined the 
Director of Research. 

Concerning itself with problems of 
applied science and éngineering re- 
search, the new department will supple- 
ment and contribute to work now being 
conducted in McDonnell’s Airplane, 
Helicopter, and Missile Engineering 
Divisions and in the Flight Department. 

“The Research Department,” Mr. 
Perkins said, “will retain scientists 
of engineering bent and engineers of 
scientific bent who will be engaged in a 
variety of projects initiated either by 
the Government, by one of the engineer- 
ing divisions, or by the Research De- 
partment itself if the projects offer 
sufficient promise of technical improve- 
ment in future aircraft and weapon 
systems. 


company as 


“The new department is intended to 
help fill an ever-growing need for back- 
ground technological information with- 
out which advanced aircraft and weapon 


Albert E. Lombard, Jr. 
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systems cannot be developed effec- 
tively.” 

Dr. Lombard is a graduate of Cali- 
fornia Institute of Technology and 
former assistant professor of aero- 
nautical engineering there. He became 
attached to USAF Headquarters, Wash- 
ington, D.C., as a scientific adviser in 
1949. 


Ralph M. Parsons Company 
Joins the Institute 


The Ralph M. Parsons Company, 
of Los Angeles, has joined the Institute 
as a Corporate Member. 

The company’s association with the 
aircraft industry dates back to 1921, 
when Ralph Parsons was in charge of 
testing aircraft engines for the Navy 
Bureau of Aeronautics. This work 
developed his interest in high-octane 
gasoline, and shortly thereafter he left 
the Bureau of Aeronautics to form his 
own company in Mt. Vernon, Ohio. 
This company engaged in the engineer 
ing, design, and construction of the first 
Dubbs cracking plants for the produc- 
tion of high-octane gasoline. 

In 1937, Mr. Parsons became a 
partner in  Bechtel-McCone-Parsons 
Corporation and, as Engineering Vice 
President, led the company through the 
prewar and early war years, established 
and operated several large shipbuilding 
plants on the West and Gulf Coasts, 
and headed up the operation of the 
B-24 Modification Center at Birming- 
ham, Ala. 

In 1944, he founded The Ralph M. 
Parsons Company. Since that date, 
the company has been prominently 
identified with the petroleum and 
chemical industry and has pioneered 
the ultraforming method of reprocessing 
gasoline to produce high-octane aviation 
fuels. The company is deeply involved 
in research and development in connec- 
tion with a heavy fuels program. 

Along with the petroleum and chemi- 
cal work in the early 1940's, the Com- 
pany began extensive expansion into the 
design, construction, and operation of 
facilities for chemical-powered aircraft, 
guided-missile research, development 
and test facilities, large turboprop and 
jet-engine and rocket test stands, and 
missile launching sites. 

The Company is presently engaged in 
producing master plans, facility criteria, 
and design of large nuclear-propelled- 
aircraft facilities throughout the United 
States for the Air Force, Navy, and 
Atomic Energy Commission. In addi- 
tion, work in the fields of design of 
rocket propulsion facilities for the 
ICBM and IRBM program has con- 
tinued to expand. 

As a supporting operation, the Com- 
pany has an Electronics Division located 
in Pasadena, Calif., which is devoted 


exclusively to research, development, 
and production of the electronic aircraft 
and missile erection components such 
as telemetering transmitters, telemeter- 
ing decommutation stations, radar modi- 
fications for high accuracy, radar 
antennas, data handling and reduction 
equipment, and phototheodolite range 
timing and control systems. 


USAF Research Office Moves 


The Air Force Office of Scientific 
Research has moved from Baltimore to 
Building T, 14th Street and Constitu 
tion Avenue, Washington, D.C. 

Brigadier General H. F. Gregory, 
AFIAS, is in command of the AFOSR, 
which is responsible for conducting an ex- 
ploratory research program designed to 
provide new knowledge, the application 
of which may result in significant new 
concepts of air warfare. The Office 
lets research contracts to universities, 
research industry, and 
Government agencies. 


foundations, 


General Gregory said the move will 
permit closer contact with the numerous 
scientific agencies located in Washington 
than was possible from Baltimore. 


Wright Lecturer Chosen 


Sir Arnold Hall, of London, England, 
a Fellow of the Royal Aeronautical 
Society, has accepted an invitation 
extended by the Institute of the Aero- 
nautical Sciences to deliver the Wright 
Brothers Lecture on December 17 in 
Washington, D.C 


IAS Roster of Members 


The Institute’s ‘‘Roster of Mem 
bers,’’ published annually, will appear 
in the September issue of the REvIEw. 
In addition to listing the names and 
business affiliations of 11,000 graded 
members, the roster section will contain 


1956 


Necrology 
Victor K. Muzik 


Victor Klifton Muzik, MIAS, died 
May 28 in Los Angeles. 

A native of Czechoslovakia, Mr. 
Muzik came to the United States soon 
after graduating from the University of 
Prague in 1922 as a Mechanical Engi- 
neer. He became an American citizen 
in 1929 but subsequently returned to 
Czechoslovakia for several years, 

Mr. Muzik was employed as a Senior 
Stress Engineer by the Hufford Ma- 
chine Works, Inc., El Segundo. He 
had been living in California since 194] 
He is survived by his wife. 


information on IAS membership, honors 
and awards, officers, committees, Sec 
tions, and Student Branches. 


Replica of Lindbergh's Plane 
for Air Force Academy 


Leland Hayward, producer of the 
motion picture The Spirit of St. Louis, 
said recently that he will give one of the 
replicas of Charles A. Lindbergh's 
airplane to the new Air Force Academy 
at Colorado Springs, Colo. 

Three duplicates of the monoplane 
in which the ‘‘Lone Eagle”’ crossed the 
Atlantic were constructed for use in the 
film. Warner Bros. will use the planes 
for exploitation purposes during the 
summer, and then one of them will be 
placed on permanent exhibition at the 
Academy. 

Brigadier General Charles A. Lind- 
bergh, FIAS, is a member of the Board 
of Visitors of the Air Force Academy 


> Malcolm P. Ferguson (AM), Pres- 
ident of Bendix Aviation Corporation, 
has been named to represent the trans 
portation equipment, aviation, and 
automotive parts industries on the 
National Advisory Council for a 
national exposition of new industrial 
products, methods, and research de 
velopments scheduled for October in 
Detroit. 


p George T. Hayes (TM), Manager 
of the Washington, D.C., office of 
Stanford Research Institute, has been 


elected to serve on the Daniel Gug- 
genheim Medal Board of Award. He 
will fill the unexpired term of Ralph 
S. Damon, deceased, as a representa 
tive of the American Society of Me 
chanical Engineers. 

> Joseph Rutkowski (M), 
Professor of Aeronautical Engineer- 
ing, Wayne University, has been 
elected a Director of the Detroit Sec- 
tion of the American Rocket Society 
» George H. Scragg (M), Treasurer of 
the Early Birds, has received the Ameri- 
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can Legion Merit Award for his “‘lifelong 
contributions” to aviation. A number 
of aviation leaders and pioneer fliers at- 
tended the presentation by Air Service 
Post 501, New York, on April 24. 


» Harner Selvidge (M), Director of 
Special Products Development, Ben- 
dix Aviation Corporation, has been 
elected a Director of the Detroit Sec- 
tion of the American Rocket Society. 


» Milton J. Thompson (AF), Pro- 
Aeronautical Engineering 
and Associate Director of the De- 
fense Research Laboratory at Uni- 
versity of Texas, has been elevated to 
the rank of Fellow by The American 
Society of Mechanical Engineers. 


» Richard T. Whitcomb (M), who 
won the Collier Trophy last year for 
discovering the ‘‘area rule’ that 
helped reduce the transonic speed 
barrier, has received an honorary 
Doctor of Engineering degree from his 
alma mater, Worcester Polytechnic 
Institute. Mr. Whitcomb is Assist- 
ant Head of the 8-ft. Transonic 
Tunnels Branch at Langley Aeronau- 
tical Laboratory, NACA. 


fessor of 


Members on the move.... 
This section provides information con- 
cerning the latest affiliations of IAS 
members. All members are urged to 
notify the News Editor of changes as 
soon as they occur. 


H. Norman Abramson (M), formerly 
Associate Professor of Aeronautical Engi- 
neering in the Agricultural and Mechanical 
College of Texas, has been appointed 
Manager, Engineering Analysis Section, 
Southwest Research Institute, San 
Antonio, Tex. 


Reuben D. Best, Jr. (TM), has been 
appointed Project Engineer on a _heli- 
copter stabilizer development project 
at Kellett Aircraft Corporation. 


Herbert A. DeCenzo (M) has opened an 
office at 7046 Hollywood Blvd., Los 
Angeles, as a consultant to firms special- 
izing in the production of aircraft cou- 
plings. He was formerly Chief Engineer 
of E. B. Wiggins Oil Tool Company, Inc. 


Lester K. Fero (AF), formerly Chief of 
Structures, Bell Aircraft Corporation, has 
been promoted to Assistant Chief of Pre- 
liminary Design. 


Hans R. Friedrich (AF) has been pro- 
moted to Chief Flight Mechanics Engineer 
with Convair, A Division of General 
Dynamics Corporation, at San Diego. He 
also has been appointed Visiting Pro- 
fessor of Engineering by the University 
of California in Los Angeles. 


Rear Adm. Frederick R. Furth, USN 
(Ret.) (AF), has been elected a Vice-Presi- 
dent of Farnsworth Electronics Company, 
a Division of International Telephone and 
Telegraph Corporation. The former Chief 
of Naval Research joined the company as 


Clifford C. Furnas, FIAS, Asst. Secretary 


of Defense, R&D, has been presented the 
Honor Scroll of the Niagara Chapter of the 
American Institute of Chemists for “many 
years of distinguished service to academic 
and applied science.” 


Assistant to the President after retiring 
from the Navy last year 

Robert Goldin (AF) has been named 
Assistant Chief of Structures at Bell Air- 
craft Corporation. Previously, he headed 
the Criteria and Loads Group in the Struc- 
tures Department. 

Vernon D. Hauck (M) has been named 
Assistant General Manager of the Friez 
Division of Bendix Aviation Corporation, 
Baltimore. He was formerly Factory 
Manager. 

Earl R. Hinz (AF) has been promoted 
to Chief of Systems and Controls, Engi- 
neering Division, Ryan Aeronautical Com- 
pany. He was formerly a Research Group 
Engineer and Head of the Stability and 
Control Group. 

Roy P. Jackson (M) has been appointed 
Assistant Chief Engineer of Northrop 
Aircraft, Inc. He was formerly Deputy 
Assistant Chief Engineer—Analytical. 


Alexander H. Flax, MIAS, has been 
elected Vice-President for Technical Oper- 
ations, Cornell Aeronautical Laboratory, 
Inc. Assistant Director—Technical for the 
past year, Mr. Flax won the IAS Sperry 
Award for 1949. 
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George W. Lober (M) has been ap- 
pointed Sales Manager of the newly or- 
ganized Microwave Electronics Division 
of Sperry Gyroscope Company Division 
of Sperry Rand Corporation. He was 
formerly Assistant Manager of Sperry’s 
Seattle district office. 

Robert J. Lutz (M), formerly of The 
RAND Corporation staff, has joined 
Convair, A Division of General Dynamics 
Corporation, as a member of the staff of 
R. C. Sebold, Vice-President for Engi- 
neering. He had been an engineer with 
Consolidated Vultee Aircraft Corporation 
prior to 1946. 

George Mangurian (AF), formerly 
Chief of Structures, has been promoted 
to Chief Analytical Engineer of Northrop 
Aircraft, Inc. 

D. B. ‘‘Ted’’? Martin (AF) has fieen 
named Director of Sales, Seattle Division, 
Boeing Airplane Company. He was 
formerly Manager of Military Sales for the 
Transport Division. 

Harold C. Martin (M), Professor of 
Aeronautical Engineering, University of 
Washington, will be on leave of absence 
during the coming academic year. This 
summer he is associated with the Struc- 
tural Dynamics Unit, Boeing Airplane 
Company. In September he will leave 
for Honolulu, where he will serve as visit- 
ing professor at University of Hawaii 
during the school year. 

William C. McFadden (M) has been 
named Executive Vice-President of Hycon 
Manufacturing Company, Pasadena, Calif. 
He was formerly Vice-President and 
General Manager of the firm’s Camera 
and Instrument Division. 

John L. McLucas (M) has been elected 
a Director and Vice-President of Topp 
Industries, Inc., Los Angeles. He was 
formerly Vice-President of Haller, Ray- 
mond and Brown, Inc., an electronics re- 
search and development firm in State 
College, Pa., which was acquired recently 
by Topp Industries. 

Kenneth F. Mundt (M) has been named 
Vice-President in charge of Manufacturing 
by Aerojet-General Corporation. He has 
formerly been Chief Engineer and Director 
of Manufacturing. 

k A. L. Paquette (M) has been named 
Sales Manager of the Aircraft Equipment 
Department, Small Motor Division, West- 
inghouse Electric Corporation, Lima, Ohio. 
He was previously Manager of Field Sales. 

W. A. ‘‘Dick’’ Pulver (M) has been 
named Assistant Chief Engineer of the 
Georgia Division of Lockheed Aircraft 
Corporation. He was formerly Chief 
Manufacturing Engineer of the California 
Division. 

Thomas B. Rhines (M), Assistant Chief 
Engineer, has been appointed to the 
Operating Committee of Hamilton Stand- 
ard Division of United Aircraft Corpo- 
ration. 

Robert B. Roe (M) has been appointed 
to the new post of Facility Planning 
Manager for the Aviation Division of 
Sperry Rand Corporation, Phoenix, Ariz. 
He was formerly Director of the Flight 
Research Department of Sperry Gyro- 
scope Company. 


(Continued on page 62) 
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Technology Review Photo 


Forty Years in Aviation. . . 


On his Eightieth Birthday, Lester Gardner counts half of his total life in this aviation 
business. Founder of Aviation magazine in 1916, he ended active military duty in 
World War | as an Air Service Major. He organized the IAS in 1932 and retired from 
active participation in 1946. He is an Honorary Fellow of the IAS, a Guggenheim 
Medalist, and has been given many other honors at home and abroad. 
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_. 80 Years Young 


On the seventh of this month, the Founder of this 
Institute attained the ripe age of Four Score Years. 
Now this in itself is not entirely unusual in these days 
when longevity more or less is the rule, but those of 
us who know Lester Gardner realize that his chrono- 
logical age and his real age have little in common. 
For the last twenty-odd years, the remarks heard most 
frequently among his friends and associates have 
been, “I only hope that I have his ‘get-up-and-go’ 
when I am his age!” This still applies. The in- 
evitable physical limitations of age sometimes retard 
the “get-up’ part of it, but the urge to “go’’ is as 
strong as ever. An idea a minute is still his standard 
rate. 

Another interesting point on the time scale, 1956 
marks the fortieth year of Gardner’s participation in 
aviation. Over half of his total life span has been 
devoted to aeronautics in one way or another. This 
puts him well back among the pioneers in this busi- 
ness. He began by founding Aviation magazine, a 
publication that ran under that name for 30 years 
until it became Aviation Week under McGraw-Hill. 

We of the Institute owe much to Lester Gardner. 
He was the spark plug for that group of aviation 
people (including Hunsaker, Warner, Osborn, Loening, 
Wright, Doolittle, Aldrin, de Florez, and many 
others) who foresaw the need for a scientific and 
technical society for the aeronautical engineering 
profession and then undertook to do something about 
it. That was 25 years ago. Their work culminated 
in the founding of this society in 1932. Lester Gardner 
took over the arduous task of organization and 
financing. 

In 1952 this was no easy task. Most of us can 
remember the problems of that period. The country 
was in the throes of the most crippling economic de- 
pression of all time. It was an era of political and 
social upheava! and unrest. Business generally was 
in the doldrums (or worse), and the aviation business 
was almost nonexistent. 

Recall that in those days, a flight in an airplane was 
still considered a hazardous venture. Recall that 
this approximated the appearance of the first modern 
transport airplanes. Recall that the few machines in 
the hands of the military were slow and inefficient 
many with uncowled engines and fixed landing gear 
mounting a couple of 0.30-caliber machine guns. Re- 
call that, in spite of the lessons of World War I, the 
airplane had not been accepted as an essential weapon 
in our national arsenal. 


One bright spot in the picture was the existence of a 
small group of dedicated and devoted people either in, 
or associated with, the National Advisory Committee 
for Aeronautics. Led by George Lewis and spurred 
on by a hard core of zealots the Hunsakers, the 
Warners, the Doolittles, ef a/ the NACA with the 
limited resources doled out to it by an unsympathetic 
Congress painstakingly laid the foundation and erected 
the framework on which the subsequent Air Age 
was built. 

Significantly, the list of names of the men who 
were then most involved and the roster of the Founder 
Members of the IAS are virtually coincident. This 
was Lester Gardner's greatest contribution. Unless 
he had been able to integrate this group into a society 
for the propagation of the arts and sciences of aero- 
nautics, he would never have been able (under the 
circumstances) to work the miracle of providing for 
its financial support. The number of shirt-fronts he 
drenched with his tears, the number of desks he pounded 
to splinters, the number of doorbells he rang in those 
days he alone can tell. We hope that he leaves us a 
personal record of that critical period when the life of 
the infant Institute hung many months in the balance. 
Some of the staff still remember long nights spent in 
inadequate offices, working on borrowed furniture to 
get out meeting announcements or to put together 
an issue of the then embryonic JouRNAL. Many a 
night, too, Lester’s devoted wife, Margaret, kept the 
crew going on her coffee and doughnuts. 

This was Lester’s second greatest contribution. 
He breathed life into the organization and pumped the 
essential plasma, dollar by dollar, into its veins to 
tide it over a precarious infancy. For our very 
existence he must be given full marks. On his 
Eightieth Birthday we honor him for it and express 
our common appreciation for the work he did to make 
this organization possible. 

It was his prior 20 years in aviation, as a publisher, 
as an Air Force officer, and as a promoter, that gave him 
the background and experience that have paid off so 
handsomely in this organization for which his energy 
and foresight provided such an excellent foundation. 

At eighty Lester Gardner is as indefatigable as ever 
in attacking any problem that interests him, as those 
of us who tried to follow him in his recent campaign 
to raise funds for the Jerome C. Hunsaker Chair at 
M.I.T. can testify. 

We all join in wishing him ‘‘many happy returns” 
and many more years of his active and useful life. 


S.P.J. 
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Results of tests made with a 
heated tuning fork to determine 
damping by measuring the rate of 
vibration decay. 


The Structural Damping of Titanium 


at Elevated Temperature 


H. F. Hunter* 


Lockhe« 


INTRODUCTION 


oe INTEREST in the structural application of 
titanium alloys to turbine blade and thin aircraft 
wing construction has prompted questions concerning 
the high-temperature 
materials. 


damping capacity of these 
Accordingly, an investigation of a repre- 
sentative alloy, Mallory-Sharon Titanium Corpora- 
tion’s 3Al1-5Cr, has been conducted at the University 
of Maryland.{ Damping data were obtained from a 
heated tuning fork specimen which was set into vibra- 
tion by withdrawing a spreader from the gap between 
the fork ends. The results have been expressed in 
terms of the logarithmic decrement of the decaying 
oscillation, and the variation in modulus of elasticity 
with temperature was determined from the specimen 
vibration frequencies. Damping was found to vary 
with temperature, stress level, and vibration frequency. 
Both damping and modulus of elasticity variation with 
temperature were found to follow the same trend in 
the titanium alloy selected, as in 3.5 per cent nickel 
steel. 

Damping may be determined by measuring the power 
required to sustain a specimen at an amplitude and 
frequency of vibration, by determining the shape of 
the response curve to a spectrum of forcing frequencies, 
or by measuring the rate at which a free vibration 
decays. The last method was selected for this in- 
vestigation, using a titanium tuning fork specimen. 
This method offers advantages of simplified procedure, 
minimized energy loss to the support, and readily 
controlled stress and frequency parameters. 


* Structural Dynamicist, Georgia Division. 

+ Based on a portion of an M.S. thesis submitted in June, 
1955. The author wishes to express appreciation to Professors 
Rivello and Shen of the Aeronautical Engineering Department, 
University of Maryland, for guidance in its preparation and to 
D. Moore of the Enameled Metal Section, National Bureau of 
Standards, for assistance with the high-temperature strain gage 


-d Aircraft Corporation 


Similar determinations in the past have involved 
torsion and bending tests on vibrating rods, reeds, 
tubes, wires, and tuning forks. Bibliographies of 
literature on this subject are contained in references 
1 and 2. 


TEST PROCEDURE 


A tuning fork was machined from a 1-in. diameter 
extruded billet of 3Al-5Cr titanium alloy (Fig. 1). 
A jig (Fig. 2) was constructed to mount the tuning 
fork and accommodate spreader bars of various widths 
which were withdrawn by a pivot arrangement from 
between the ends of the fork. The ensuing vibration 
was detected by a wire resistance strain gage and the 
signal recorded by an oscillograph. Stress levels 
were determined by suspending known calibration 
weights from the tip of the instrumented fork tine, 
and stress levels were varied during test by modifying 
the spreader bar width. A thermocouple-controlled 
electric furnace was used to heat the specimen to a 
uniform test temperature, and precise temperatures 
were monitored by a chromel-alumel thermocouple, 
with hot junction buried in the root of the fork. 

All test results reported herein were obtained with 
a high-temperature strain gage currently under de- 
velopment by the Enameled Metal Group of the 


National Bureau of Standards. This gage consists 


3/16 DRILL FOR MOUNTING SCREW \ 
THERMOCOUPLE RECESS 
7/16 DRILL FOR MOUNTING SCREW BARREL NUT 
HIGH TEMPERATURE STRAIN GAGE 
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Fic. 1. Titanium tuning fork specimen 


of tv 
welde 
firmly 
The g 
the 


presel 
was 
the f 
Incor 
by Sf 
from 
24. 


fabric 
accor 
and 4 
obser 
tions 
types 

(1) 
ment 
of 
Stan 


from 

(3 
be n 
by s 


tows 


| 
Se 
(2 
stral 
ture 
| 
| 
| (4 
| drift 
| and 
men 
| thicl 
the 
| 
max 
and 
| of 
loge 
tion 
| | 
the 
whi 
nur 
or 
dov 
dar 
ma 
Th 
18 


nvolved 
, reeds, 
hies of 
ferences 


iameter 
Fig. 1). 
tuning 
widths 
nt from 
ibration 
and the 
levels 
ibration 
rk tine, 
odifying 
mn trolled 
en to a 
eratures 
ocouple, 
k. 
ied with 
ider de- 
of the 
consists 


of two strands of heat-treated Karma wire, spot 
welded to Inconel foil lead tabs, which in turn are 
firmly attached to a thin asbestos paper backing. 
The gage, which is a self-contained unit, is attached to 
the specimen with a coat of ceramic adhesive. In the 
present work, Allen P-1 cement was used. The gage 
was attached and allowed to dry slowly, after which 
the fork was heated to the test temperature. The 
Inconel foil tabs were connected to gage lead wires 
by spot welding. The gages had resistances varying 
from 124.5 to 129.9 ohms and gage factors of 2.0 to 
24. The Bureau of Standards design was found to 
be simple to apply and also rugged and reliable (Fig. 3). 

Several commercial gages, as well as 30 hand- 
fabricated gages, individually assembled and mounted 
according to the techniques described in references 3 
and 4, were used in preliminary testing. The following 
observations on high-temperature strain-gage applica- 
tions were made after experimentation with the various 
types: 

(1) Hand fabrication of gages for dynamic measure- 
ment is laborious when compared to the application 
of prefabricated gages of the National Bureau of 
Standards design. 

(2) Simple friction contact electrical connections in 
strain-gage circuits are unsatisfactory at high tempera- 
tures since variation in contact resistance develops 
from oxidation. 

(3) High-temperature strain-gage connections can 
be made with the greatest ease, speed, and reliability 
by spot welding. 

(4) Heat-treated Karma wire exhibits little thermal 
drift up to temperatures of approximately 800°F. 
and is a satisfactory gage material for dynamic measure- 
ment. 

(5) The strain-gage factor is influenced by the 
thickness of cement between gage and specimen. In 
the bending strain measurements, gage factors tended 
toward higher values as cement thickness increased. 


DATA REDUCTION AND ACCURACY 


Data reduction was accomplished by measuring the 
maximum amplitudes of successive vibration cycles 
and plotting these data on semilog paper as a function 
of number of cycles. Damping, expressed as the 
logarithmic decrement, was calculated from the rela- 
tionship 6 = (1/N) In, (Ao/A,), where 6 is logarithmic 
decrement, Ag is initial vibratory cycle double ampli- 
tude, A, is mth cycle double amplitude, and N is 
tumber of cycles. 

When only viscous damping is present in a material, 
the double amplitude of vibration is a pure exponential 
which becomes a straight line when plotted against 
aumber of cycles on semilog paper. Coulomb damping, 
or static sliding friction, is characterized by a concave 
downward shape on a semilog plot, while turbulent 
damping (proportional to higher powers of velocity) 
may be distinguished by a concave upward shape. 
The characteristic slight concave upward shape of the 


Fic. 2. Test jig, short tuning fork, and high-temperature strain 
gage. 


decay curves (Fig. +), shows the hysteresis damping 
to be predominantly viscous in character, with a small 
content proportional to higher powers of velocity. 

Variation in elastic modulus with temperature is 
readily obtained from the decay oscillograms. The 
square of the natural frequency ratio of a vibrating 
specimen at any two temperatures is equal to the ratio 
of the moduli of elasticity at those temperatures. 

It should be noted that the bending stresses reported 
herein correspond to average outerfiber strains existing 
at the gage location. These inertia bending stresses 
are not constant over the gage length, hence they are 
referred to as nominal maximum bending stresses. 

Several complications arose in analyzing the decay- 
ing transient to arrive at damping values: 

(1) Failure of the spreader to release both tines 
simultaneously resulted in occasional beating or 
periodic reinforcing and diminishing of the decay 
envelope. 

(2) First harmonic oscillations were superimposed 
upon the fundamental, in all measurements involving 
the long tuning fork. 

(3) Small errors inherent in scaling the amplitudes 
of vibration made the evaluation of a large number of 
cycles necessary. 

(4) The predominant viscous nature of hysteresis 
damping observed was complicated somewhat by the 
presence of higher order (turbulent) damping. This 
introduced curvature into the decrement plots, reduc- 
ing the accuracy of the calculated values by an esti- 
mated 2 to 3 per cent, as a consequence of constructing 
tangents to determine local slope. 

With regard to failure of the spreader to release 
the tines simultaneously, the random nature of this 
occurrence suggested that it may have been the result 
of an off-center pull of the trip mechanism, foreign 
matter on tines or spreader, or eccentricity and free 
play in the trip linkage. This disturbance died away 
after several hundred cycles and in only a few extreme 
cases negated the usefulness of the initial portion of 
the record. In less severe cases, the maximum and 
minimum beat amplitudes were averaged to obtain 
a mean value. The validity of this procedure rests 
on the supposition that energy is eventually dissipated 
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Fic. 4. Typical decay history. 
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Effect of frequency on titanium damping 
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». Variation in titanium damping with temperature and 
stress level. 
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3. 7. Variation of dynamic elastic modulus with temperature 


cur 


par 
pat 
log: 
elir 
tra 
lari 
inte 
bea 
in 
var 
of 

the 
in. 


equ 
ing 
ben 
AN rest 
0060 T Ils ana 
——— con 
/ ose 
=/// | ur 
Ihe eve 
/ - 
| | | 
| 
0006 RS 
| 
0002 
pre 
| 0600 of 
\ 
| - the 
| to 
| 0200 
| ma 
tar 
| 0080 ( 
0060" 
| | out 
| tw 
rec 
° 
| 0020 da 
a f 
| 0010 all 
— 
< 0006; °F 
pla 
pre 
900 F be 
0002 
gat 
kn 
6 


‘ature and 


) 1200 


mperature 


STRUCTURAL DAMPING OF TITANIUM 21 


equally between the tines since it results from a wander- 
ing of energy between them. 

Two complications arose as a result of first harmonic 
bending responding with the fundamental: (1) The 
resulting wave form required harmonic analysis to 
vield amplitudes in each mode of vibration, and (2) 
the total damping had to be distributed between the 
two oscillations. Several numerical types of harmonic 
analysis were abandoned because of complexity and 
tediousness, and a visual method was employed to 
define the amplitude of the fundamental. 

The last two items concern accuracy of measurement 
and may be considered simultaneously. The largest 
component of error in the damping values is due to 
error in scaling the amplitudes of vibration from the 
oscillogram and in drawing tangents to the decay 
The plots of amplitude versus number of 
eyeles are neither straight lines nor absolutely smooth 


curves. 
curves. The deviation from a smooth curve is due in 
part to inexactness in plotting the scaled amplitudes, 
particularly between values of 1 and 2 in., where 
errors are magnified in consequence of the expanded 
logarithmic scale. Extreme care did not entirely 
eliminate this waviness, which in instances could be 
traced directly to the oscillogram. Several irregu- 
larities of this sort appeared at approximately periodic 
intervals, indicating extremely low amplitude fork 
beating. In other cases, the decay appeared to occur 
in extremely gentle steps, rather than at a uniformly 
varying rate. These amplitude irregularities were 
of the order of 0.010 in. Scaling to this accuracy on 
photographic paper is made difficult by the fuzziness 
of the photographic emulsion and must be done with 
the aid of a magnifying glass and a finely (0.02 or 0.01 
in.) graduated scale. 

Since these small irregularities did not affect the 
predominant slope of the decay curve, a greater number 
of amplitudes were scaled and a line faired through 
the plotted points for better definition. 

Some variation in constructing successive tangents 
to the same point on the decay curves was noted, 
giving rise to another source of error. The estimated 
maximum deviation in damping due to scaling and 
tangent error is estimated to be +5 per cent. 

Other sources of error may arise from energy losses 
outside of the tuning fork and from nonlinearity be- 
tween the specimen vibration amplitude and the 
recorded amplitude. The fork showed the same 
damping supported in the jig as when suspended from 
a fine nylon thread, and, while this does not eliminate 
all question of losses to the support, it does indicate 
that they are extremely small. The specimen dis- 
played the same damping value with a gage on one 
tine as with a gage on both tines, indicating no ap- 
preciable loss of energy to this source. Linearity 
between strain and recorded amplitude was investi- 
gated by observing the trace deflection resulting from 
known bending moments, at temperatures up to 


1,000°F. A linear relationship was observed in all 
tests with satisfactory gages. 

The temperature and strain values reported are 
believed to be accurate within +5 per cent and the 
logarithmic decrements of decay within +10 per cent. 


RESULTS 


Figs. 5 and 6 present summary curves of decay rates, 
with data on 3.5 per cent nickel steel for comparison. 
A typical stress history, from which the summary 
damping plots were constructed, is shown in Fig. 4. 
In the range of parameters tested, damping always 
increased with stress level and decreased with fre- 
quency. The former trend is characteristic of homo- 
geneous structural engineering materials in general. 
However, a frequency lower than 25 cycles per sec. 
probably exists at which damping is a maximum and 
below which damping decreases.” Short and inter- 
mediate length tuning forks displayed minimum 
damping at approximately 500°F., while the long fork 
showed a relatively constant minimum value between 
80° and 500°F. This behavior has been noted in 
other materials and is associated with metallurgical 
effects discussed by Zener.* 

The values of decay rate obtained were limited at 
higher temperatures by the yield strength of the 
material and at frequencies higher than 600 cycles 
per sec. by limitations of the recording equipment. 
Rapid, accurate measurements at temperatures above 
1,000°F. would require a well-sealed and insulated 
furnace, with rapid heating rate governed by a sensi- 
tive thermocouple control, in order to minimize drafts 
and uneven heating in the furnace cavity. 

In summary, the log decrement of decay was found 
to vary between values 0.0002 and 0.04, at tempera- 
tures between 80° and 1,000°F., bending stresses 
between 1,000 and 29,000 psi, and frequencies between 
S7 and 600 cps. The dynamic modulus of elasticity 
variation was calculated from ratios of measured 
frequencies and was found to vary linearly with tem- 
perature, displaying approximately 75 per cent of room 
temperature value at 1,000°F. 


REFERENCES 


' Plunkett, R., Vibration Damping, Appl. Mech. Rev., July, 
1953. 

2 Kimball, A. L., Vibration Problems, J. Appl. Mech., Trans. 
ASME, Vol. 63, 1941. 

’Schabtach, C., and Fehr, R. O., Measurement of Damping of 
Engineering Materials during Flexural Vibration at Elevated 
Temperatures, J. Appl. Mech., June, 1944. 

‘Kemp, R., Morgan, W., and Manson, S., Advances in High 
Temperature Strain Gages and their A pplication to the Measurement 
of Vibratory Stresses in Hollow Turbine Blades during Engine 
Operation, Paper presented at meeting of Society of Experimental 
Stress Analysts, May 25, 1950. 

5 Zener, C., Internal Friction in Solids, Proc. Physical Society 
of London, January, 1940. 

6 Zener, C., Internal Friction in Solids, Physical Review, Vol. 
52, 1937. 


O 1200 
L 


A semiempirical method based upon 
simple theoretical foundations; 
results of the design charts 

are compared with available 
experimental data. 


Prediction of Downwash 


at Various Angles of Attack 


for Arbitrary Tail Locations 


SYMBOLS 


a = vertical distance from plane of tip vortex cores to the 
horizontal tailroot chord in the plane of symmetry, ft 
b = wing span, ft. 


b. = effective wing span, ft 

b, = span of wing tip vortices at a given longitudinal station, 
ft. 

b.,, = span of the completely rolled up wing tip vortices, ft 

l,, = tail length, measured in the wing root chord plane, from 


the wing root trailing edge to the c/4 of the tail mean 
aerodynamic chord, ft. 

ly = tail length, measured in the wing chord plane, from the 
tip vortex quarter chord to the c/4 of the tail mean 
aerodynamic chord, ft. 

h,, = tail height, measured perpendicular to the wing chord 
plane, from the wing chord plane to the c/4 of the tail 
mean aerodynamic chord, ft. 

§,, = distance required for complete rollup of the wing tip 
vortices, measured along the wing chord plane from 
the tip vortex quarter chord, semispans 


~ = longitudinal distance aft of wing root trailing edgé 
measured in wing chord plane, semispans 

A = sweepback angle of wing quarter chord line, deg 

X = wing taper ratio, tip chord/root chord 

= wing dihedral angle 

. = downwash angle, rad. 

€,- = downwash angle in the plane of symmetry at the vertical 
height of the tip vortex cores, rad. 

é = downwash angle in the plane of symmetry at the vertical 
height of the c/4 of the tail mean aerodynamic chord 
rad. 

€; = average downwash angle at the tail, rad. 

C, = wing lift coefficient 

Cp, = wing zero lift drag coefficient 

Cp = wing drag coefficient 

R= wing aspect ratio, b?/S 


= wing area, sq.ft. 
= effective wing aspect ratio, b,?/S 
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INTRODUCTION 
\ JiTH THE ADVENT of aircraft which fly at super- 
sonic speeds, one might surmise that the aero 
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dynamic design problems of these aircraft at low 
speeds would be routine. However, such is not the 
case. Both sweepback and very thin airfoil sections, 
which permit high-speed flight, affect low-speed flight 
characteristics adversely. 

In particular, the swept wing tends to tip stall, 
leading to pitch instability at high angles of attack. 
This deficiency may be corrected by a well-designed 
horizontal tail, properly located in the downwash field 
of the wing. Therefore, the aircraft designer has a 
need for a method to predict the nonlinear downwash 
variation which the horizontal tail experiences. 

The purpose of this paper is to present a method for 
the prediction of the downwash angle for arbitrary 
wing-tail combinations throughout the complete range 
of angle of attack. The method is intended for use in 
preliminary design, prior to the availability of wind- 
tunnel results for the configuration. A prime require- 
ment, therefore, is that the downwash prediction be 
made by a simple, easily applied procedure. It is 
recognized, of course, that a compromise may be 
required in the rigor of the procedure in order that it 
may be used with facility. The path followed in the 
development of the subject method was to employ 
simple theoretical relationships as a basis to evolve a 
graphical procedure for the evaluation of the downwash. 


DEVELOPMENT OF METHOD 


The downwash at the tail surfaces is a consequence 
of the trailing vortex system associated with the 
lifting wing. Consequently, it appears appropriate to 
consider the trailing vortex system to recall some of its 
primary characteristics before discussing the develop- 
ment of the procedure itself. 


Nature of the Trailing Vortex System 


The trailing vortex system behind a swept wing is 
sketched in Fig. 1. A vortex sheet is shed by the 
lifting wing, and the sheet is deflected downward by 
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the bound or lifting vortex and the tip vortices which 
comprise the vortex system. The sheet, in general, is 
not flat, but the curvature near the wing midspan is 
usually relatively small. This is particularly true of 
the straight wing of reasonably large aspect ratio for 
which the central portion of the vortex sheet is ex- 
tremely flat. Wings with considerable trailing-edge 
sweepback produce a vortex sheet which is bowed up- 
ward near the plane of symmetry. 

The tip vortices do not experience a vertical dis- 
placement of the magnitude of the central portion of 
the vortex sheet. In general, they trail back compara- 
tively close to the streamwise direction. Furthermore, 
as the vortex system proceeds downstream, the tend- 
ency is for the tip vortices to move inboard. Also, 
with increasing distance behind the wing, the trailing 
sheet vorticity tends to be transferred to the tip 
vortices. The transfer of vorticity and inboard move- 
ment of the tip vortices takes place in such a fashion 
that the lateral center of gravity of the vorticity 
remains at a fixed spanwise location. When all of the 
vorticity is transferred from the sheet to the trailing 
vortices, the vortex system is considered to be fully 
rolled up, and, in a nonviscous fluid, the vortex system 
would then extend unchanged to infinity. 

Ahead of the longitudinal station for complete rollup, 
the spanwise downwash distribution is dependent upon 
the spanwise lift distribution of the wing. However, 
when the rollup is complete, the downwash angles for 
all wings of equal lift and effective span are identical. 
It is evident that the shape of the vortex sheet has a 
significant influence on the downwash experienced by a 
tail located in the flow field of a wing and that the tail 
location relative to the trailing vortices is all important. 
Since the tip vortices are somewhat above the vortex 
sheet, the downwash above the sheet is somewhat more 
than the downwash beneath the sheet. 

The tip vortices spring from the wing tips at angles 
of attack for which the flow is unseparated. However, 
wings with high sweepback angles tend to stall at the 
tips, and the tip vortices originate well inboard of the 
wing tip at high angles of attack in many instances. 
This phenomenon has a significant influence on the 
downwash at the tail. 

The previous discussion has been concerned with 
wings which behave in a somewhat conventional 
manner at high angles of attack. However, certain 
thin, highly swept wings have a significantly different 
flow pattern in the higher angle of attack range. 
These wings are characterized by a leading-edge 
separation vortex which lies above the surface of the 
wing. From its inception near the plane of symmetry, 
it moves outboard in the approximate direction of the 
wing leading edge and is finally shed in a streamwise 
direction near the wing tip. Reference 9 shows some 
interesting studies of the separation vortex. It is 
clear that the existence of this vortex will have an 
important influence on the downwash and that it 
tequires special consideration for the prediction of the 
downwash at the tail. 
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Fic. 1. 


Wing vortex system. 


Determination of Maximum Symmetry Plane Downwash 


The basic approach to the downwash prediction 
employed in this paper is to 

(1) Determine the downwash in the symmetry plane 
at the height of the tip vortices at the longitudinal 
station of the tail M.A.C. quarter chord. 

(2) Correct this value for tail height above the 
vortices. 

(3) Evaluate the effect of tail span by relating the 
average downwash at the tail to the downwash deter- 
mined from step 2. ; 

The flow direction in the plane of symmetry is readily 
determined at two longitudinal stations: At the wing 
trailing edge, it is along the chord line; and at distances 
far downstream of the wing, the downwash velocity is 
due only to the fully rolled up tip vortices. Glauert* 
gives the following value for the downwash angle for an 
elliptically loaded wing with fully rolled up tip vortices: 


This downwash angle is experienced at the vertical 
position of the tip vortices. In order to relate the 
downwash angle with the angle of attack, we make use 
of the following expression for the lift curve slope from 
simple sweep theory: 


OC,/0a = (27R cos A)/(R + 2 cos A) (2) 


Eqs. (1) and (2) may be combined to give 


0c/Oa. = (3.24 cos A)/(R + 2 cos A) (3) 


Eq. (3) is plotted in Fig. 3. 

As previously indicated, 0e/Oa = 1.0 at the wing 
trailing edge. The next step then is to approximate 
the longitudinal downwash variation between these 
limiting stations. In order to accomplish this, use will 
be made of the horseshoe vortex concept of the lifting 
line theory. With the assumption of an unswept, 
uniformly loaded, constant chord wing, the lifting and 
trailing vortices contribute to the symmetry plane 
downwash in the following manner: 


trailing cC,/mb (4) 
vortices 


The downwash slope then becomes 


~ 
= (1) 


4a 


Fic. 2. Variation of effective aspect ratio and span ratis 
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Fic. 3. Variation of 0e/Oa in the symmetry plane at the height 


of the vortex cores for fully rolled up vortices 


R/(R + 2) 
Oa =(2X/c) V1 + (2X/b)2 R+2 


In obtaining Eq. (5), use was made of the expression 


for /Oa 
OC,/0a = 2rR/(R + 2) 


Noting the 0e/Oa = 1.0 at the trailing edge, we may 
solve for the particular distance, Xo, that the lifting line 
must be located forward of the trailing edge to satisfy 
this condition. Setting Eq. (5) equal to 1.0, we obtain 
the following expression: 

R(2Xo/b)V 1 + (2X0/b)? = 1.0 6 
from which 2Xo/b may be determined as a function of 
the aspect ratio. The contribution of the lifting vortex 
to the downwash varies with longitudinal distance aft 
of the wing trailing edge in the following manner 


A(0¢/0a) 


A(d€/2a) traiting 


edge 
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For the purposes of this analysis, it has been found 


convenient to express the downwash slope at any arbi- 
trary longitudinal station as follows: 
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Oc/Oa = (0€/Oa)., + (S 
vortex 
Since 0e/Oa = 1.0 at the wing trailing edge, the con. 


tribution of the lifting vortex to the symmetry plane 
downwash at a tail location 2/,,/b semispans aft of the 
root chord trailing edge is 


Oa Nifting 


vortex 


1 — (O€/Oa) 


Eq. (9) is plotted in Fig. 4 for several values of 
aspect ratio. 

Thus far in the discussion, no consideration has been 
given to nonlinear aerodynamic behavior, and Eqs. (3 
and (9) are suitable for use at angles of attack for 
which the flow is essentially unseparated. It is neces- 
sary, however, to correct for the effects of separation at 
high angles of attack. As mentioned previously, swept 
wings are subject to tip stall, and the tip vortices tend 
to move inboard, thereby causing a reduction in the 
effective aspect ratio of the wing. Since the relation 
between induced drag and aspect ratio is well defined, 
it seems likely that an effective aspect ratio may be 
deduced from the induced drag measurements on a 
given configuration, using the relation 


R, = C;? '[x(Cp Cp,) | (10 


This was done for several untapered wings of varying 


sweepback reported in reference 7. A definite pattern 
appeared when R,/R was plotted versus a nondimen- 
sional angle of attack parameter (a — apg,)/(asr - 
A progressively larger reduction of effective 
aspect ratio at high angles of attack was noted as wing 
sweepback increased. 


The effective and geometrical 
aspect ratios were identical at low to moderate angles 
The onset of the 
effective aspect ratio reduction occurred at smaller 


of attack for all values of sweepback. 


values of the angle of attack parameter as the sweepback 
became larger. Analysis of data for wings of zero taper 
ratio confirmed these findings, and, as would have been 
anticipated, the reduction in effective aspect ratio was 
even more severe for the highly tapered wings. 
Working curves for the determination of R,/R asa 
function of angle of attack, sweepback, and taper ratio 
are given in Fig. 2. The validity of this basic approach 
is strengthened by reference 3, which presents water 
tank measurements of the lateral position of the vortex 
core behind an elliptical straight wing of aspect ratio 5 
The vortex 
core paths behind the straight wing are nearly inde- 
pendent of angle of attack. For the triangular wing, 
the vortex span at an angle of attack of 32° is approxi- 


and a triangular wing of aspect ratio 2. 


mately 70 per cent of the vortex span at a = 8° ata 
longitudinal station two spans downstream of the 
trailing edge. 
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From geometrical considerations, it is clear that the 
effective span change for a given effective aspect ratio 
change is a function of the wing taper ratio. Evalu- 
ation of the effective span ratio in terms of effective 
aspect ratio and taper ratio may be made with the 
following expression : 

2(R./R) 
= (11) 
1+A+ [(R./R)(1 — A)] 

Fig. 3 includes a chart to determine b,/b, using the 
above equation. 

In the use of Eqs. (3) and (9), the effective aspect 
ratio must be employed. 


Correction of Symmetry Plane Downwash for Tail Height 


The effect of tail height on the downwash in the 
symmetry plane is a function of the degree of rollup in 
the vortex sheet at the tail location under consideration. 
For a location at the height of the tip vortices, the 
symmetry plane downwash behind an_ elliptically 
loaded wing is’ « = 2C,/7R for the flat vortex sheet, 
and « = 1.62C,/rR for the fully rolled up vortex 
system. 

The comparison of downwash values at infinity for 
various tail heights for both types of vortex system is 
shown in Fig. 5. The tail height parameter, 2a/b,, is 
the ratio of the vertical distance of the tail above the 
vortex cores to the effective semispan. It may be seen 
from Fig. 5 that there is very little effect of the rolling 
up of the vortex sheet at values of 2a/b, in excess of 
+().2. For all practical purposes, the downwash may 
be considered independent of the degree of rollup. 
However, at the height of the vortex cores, the flat 
sheet has nearly 25 per cent more downwash than the 
fully rolled up vortex system. For the purposes of the 
present paper, it will be assumed that the vortex sheet 
is fully rolled up at the tail location. It is recognized 
that this is far from the case for many practical con- 
figurations. 


| 


RL 2 5 


Fic. 4. Variation of symmetry plane downwash with tail length. 


Since the intersection of the plane containing the tip 
vortices with the plane of symmetry will establish the 
location of the maximum symmetry plane downwash, 
the correction for tail height will, in all cases, reduce 
the downwash. The ratio of the symmetry plane 
downwash at the tail height in question, z to the 
previously computed downwash at the vortex core 
height, €,,, iS given as 


= 1/[1 + (20/0,)?] (12) 
where 6, is the vortex core span at the tail location. 

The determination of the vertical distance of the tail 
above the vortex cores requires a knowledge of the dis- 
placement of the vortex cores relative to the free- 
stream direction. It is possible to determine this 
displacement from a consideration of the horseshoe 
vortex system. At points far downstream, each of the 
trailing vortices is deflected downward only by the 
influence of the other. The symmetry plane down- 
wash from the rolled up tip vortices behind an ellipti- 
cally loaded wing is given by Eq. (1) [e = (1.62 C,) + 
wR, |. 

The downwash, of course, results from the two 
vortices, each of which is one half of the vortex span 
from the plane of symmetry. The distance of one 
trailing vortex from the other is the full vortex span, 
and, since each vortex is displaced only by the other, 
the vertical displacement of the vortex cores is one 
fourth the displacement of the flow at the plane of 
symmetry. Thus, the displacement angle of the vortex 
cores in the vertical plane is given as (0.41 C,)/7R,. 

Therefore, the distance a is calculated as 
a =h,, — — [(0.41 C,)/eR,]} — (b./2) tany (13) 
where 

ls, = longitudinal distance from c/4 of the effective 

tip to c/4 of the tail M.A.C. 
h, tail height above the chord plane extended 
Y = wing dihedral angle 
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Fic. 5. Comparison of downwash at infinity for flat and fully 
rolled up vortex systems behind an elliptically loaded wing. 
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The tail height above the vortex cores for conven 
tional flow patterns is given with sufficient accuracy by 
the treatment described above. However, 
which have a leading-edge separation vortex must be 
handled somewhat differently since the leading-edge 
vortex is well above the wing surface when it has 
progressed to the trailing edge. Thin, highly swept 
wings of low aspect ratio generally possess a leading- 
edge separation vortex at most angles of attack. 

For the purposes of the calculation of the tail height 
relative to the vortex core, our experience has been that 
the vortex may be assumed to start at the leading edge 
of the wing M.A.C. for low aspect ratio delta wings. 
It is considered to be depressed through the angle 
(0.41 C,)/7R,, as is the usual tip vortex. The leading- 
edge separation vortex does not move straight aft in the 
streamwise direction from its inception near the wing 
root; rather it flows in a spanwise direction toward the 
wing tip’ and leaves the trailing edge at a spanwise 
location approximating the effective span ratio from 
Fig. 2. 

For the case of the leading-edge separation vortex, 
the distance a is calculated as 


a = hy, — — [(0.41 C,)/rR,]} 
b./2tany (14) 


wings 


1956 


where X,z is the distance from the leading edge of th 
M.A.C. to the trailing edge of the root chord. 

The remaining parameter to be evaluated for the 
calculation of the effect of tail height on the symmetrn 
plane downwash is the vortex span b,. It is known 
that the tip vortices from an elliptic straight wing roll 
up so that the vortex span when rollup is complete js 
0.785 of the geometrical wing span. However, the data 
for swept wings® ® * show a much reduced rolly 
tendency. There are not sufficient published dats 
available to establish the rolled up vortex span in the 
general case. However, the following empirical formul, 
will yield a reasonable approximation of the completely 
rolled up vortex span: 


b.., = 0.78 + 0.10(A — 0.4) + 0.003 Aca (15 


In order to determine the vortex span between the 
wing and station for complete rollup, the following 
relation may be employed: 


1/2 
b, = — — b,,,) | 5 (0 < = i) (16 


£,, is the distance aft of the tip quarter chord required 
for the tip vortices to roll up. An analysis made by 
Kaden yields the following value for £, 


Ey = 0.56 R/C, (17 


Eqs. (12), (13), (15), and (16) are employed to 
evaluate the effect of tail height on the downwash in the 
When 
the leading-edge vortex is present, Eq. (14) is sub- 
stituted for Eq. (13). 


symmetry plane for the case of normal tip stall. 


Effect of Tail Span on the Downwash at the Tail 


The effect of the tail span on the effective downwash 
at the tail has also been determined under the assump- 
tion that the vortices are essentially rolled up at the tail 
location. It is believed, however, that this assumption 
will not impair the general utility of the procedure for 
several reasons: 

(1) Rollup is slow for high aspect ratio wings, but, 
for these wings, it is unusual to have a large ratio of tail 
span to wing span. 

(2) Rollup is accelerated at high lift coefficients, for 
which the downwash values are large. 

(3) For usual values of tail span to wing span, there 
is not a large difference between the results using the 
rolled up or nonrolled up approaches. 

The curves of Spreiter* were recast in a form suitable 
for the present purpose and are presented in Fig. 6. 

It should be noted that, for tail locations near the 
plane of the vortices, large increases in effective down- 
wash are experienced when the tail span approximates 
the vortex span. As the tail is raised or lowered 
appreciably from the vortex plane, the effect of in- 
creased tail span is to reduce the average downwash at 
the tail. 
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COMPARISON OF CALCULATED AND EXPERIMENTAL 
DOWNWASH VALUES 


The downwash variations for several representative 
configurations have been computed and compared with 
experimental values and are shown in Figs. 7, 8, 9, and 
10. Wings of widely different plan form were selected 
to evaluate the ability of the procedure to predict the 
downwash angle for the general configuration. 

The wing of Fig. 7 is a 40° swept wing of aspect ratio 
5.26. It is representative of a plan form with con- 
siderable trailing-edge sweepback. The chosen tail 
location is 0.40 6/2 above the chord plane extended, 
and the typical increase in 0¢/Oa@ associated with high 
tails at high angles of attack is evidenced in both the 
test and calculated results. The comparison between 
the calculated and test values of downwash is considered 
to be good. 

Fig. 8 compares the downwash from an unswept 
wing of aspect ratio 10. The tail length was 0.50 b/2 
and the tail height 0.13 6/2. Again, the comparison 
between test and calculated data is good. The down- 
wash curves are relatively linear throughout the angle 
of attack range. 

The third sample configuration (shown in Fig. 9) is a 
triangular wing of aspect ratio 2.31. The leading-edge 
separation vortex is a characteristic of this wing. Two 
tail heights were investigated: —0O.S87 6/2 above the 
wing plane and —0.06 5/2 below the wing plane. A 
range of angles of attack up to 32° was considered. A 
glance at Fig. 8 indicates the extremely large effect of 
tail height on the downwash at high angles of attack. 
At a = 32° there is a difference in downwash of ap- 
proximately 26° between the test values for the high 
and low tails. The calculated values show a difference 
of approximately 24°. The discrepancy between 
calculated and test values of downwash is about 4° in 
the case of the high tail and 2° for the low tail con- 
figuration. The trends in the downwash are predicted 
quite well by the calculations. 

The configuration of Fig. 10 provides an example for 
which the prediction of the downwash was not quite so 
satisfactory. The wing configuration employed 45° of 
quarter chord sweepback, and the aspect ratio was 5.1. 
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Fic. 8. Comparison of test and calculated downwash angles. 
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Fic. 10. Comparison of test and calculated downwash angles. 


The tail length was short—the longitudinal distance 
from the wing tip quarter chord to the tail M.A.C. 
quarter chord was only one third of the wing semispan. 
The downwash at high angles of attack with the high 
tail was somewhat more than predicted. Since the 
vortices are undoubtedly not rolled up, and the calcu- 
lated tail position is near the vortex height, this dis- 
crepancy may be accounted for by considering the 
downwash for the flat vortex sheet. If this is done, 
near-perfect agreement is obtained. The low tail 
presents another problem since the computed down- 
wash is high. This may possibly result from the sharp 
contraction of the aft fuselage on the model. 

In general, it appears that the method will predict 
the downwash angles experienced at the horizontal tail 
with accuracy acceptable for preliminary design pur- 
poses. The method should be suitable for the com- 
parison of configurations and for studies to determine 
the best location of the horizontal tail on a particular 
configuration. 

It should be remarked that the present study has been 
restricted to the flaps-up case. The procedure, how- 


(Continued on page 61) 
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Comdr. A. L. Rasmussen,* USN 


The New Naval Aviation Safety Program 


Safely as engineered into Navy air operations is paying dividends 
of 10,000 per cent annually, but the Naval Aviation Safely Center 
slill seeks “added thrust.” 


INTRODUCTION 


— THE PAST 2 calendar years, the U.S. Navy 
has reduced its major aircraft accident rate by 
two accidents for every 10,000 flight hours. 
quite an astounding feat when one stops to consider 


This is 


that Naval fliers log several million hours annually. 
The saving in lives and in aircraft are both counted 
in the hundreds, meaning that the combat efliciency 
of Naval aviation has been significantly improved 
and that several million tax dollars have been saved. 
The effect on morale through improved safety, re- 
duced repair bills, and greater materiel reliability 


has been substantial. The Navy air arm truly has 
adopted a new safety program. 
How did all this come about? The cold fact is 


that it was an extremely carefully planned and exe- 
cuted tactical maneuver backed by the Secretary of 
the Navy and the Deputy Chief of Naval Operations 
for Air. 

In July, 1952, the Naval aircraft accident rate was 
5.9 accidents per 10,000 flight hours, having been 
steady to slightly increasing for 3 fiscal years. The 
Naval Aviation Safety Program then consisted es- 
sentially of the forwarding of accident reports via the 
chain of command plus the monthly publication in 
the Naval Aviation News of two pages of safety phi- 
losophy written by ‘‘Grampaw Pettibone,’ ostensibly 
the oldest and wisest (though mythical) Navy pilot. 

This obviously is not a complete picture; however, 
there admittedly was a need for major revision of the 
Naval aviation safety effort. Little could be done 
with the large volume of aircraft accident reports being 
received. Modern aircraft were becoming more com- 
plex and expensive. This was a prime time for action. 


ESTABLISHMENT OF NAVAL AVIATION SAFETY CENTER 


The Chief of Naval Operations established the 
Naval Aviation Safety Activity (now the Naval Avia- 
tion Safety Center) at Norfolk, Va. in the middle of 
1952. With a small number of officers, civilians, and 


* Head, Maintenance & Material Dept., Naval Aviation Safety 
Center, Norfolk, Va. 
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A typical wreckage layout utilized by Naval Aviation Safety 
Center investigators to determine accident causes. 
enlisted personnel, the general functions of this ac- 
tivity were to (1) receive and process all Naval air- 
craft accident reports, (2) publish a quarterly statisti- 
cal summary of accident information, and (3) publish 
a weekly summary of aircraft accidents with additional 

notes and comments. 

It was immediately obvious to this group that 
further steps were necessary if the accident rate was to 
be reduced significantly. Still supported by the 
Secretary of the Navy and the Chief of Naval Opera- 
tions, the Naval Aviation Safety Center since has been 
expanded twice with additional funds and _ personnel. 
And so have its mission, tasks, and functions. 

Simply stated, the Center is organized: ‘To 
collect, evaluate, and disseminate information per- 
taining to aviation safety; to review or prepare for 
the Chief of Naval Operations directives, issuances, 
and other correspondence for the advancement of 
aviation safety; to prepare and promulgate aviation 
safety literature; to conduct periodic aviation safety 
surveys; to conduct special investigations of aircraft 
accidents; and to advise the Chief of Naval Operations 
on all phases of the aviation safety effort in order to 
maintain the highest practicable level of aviation 
safety.” 
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REQUIREMENTS OF AVIATION SAFETY 


Establishment and implementation of the Naval 
Aviation Safety Center did not in itself reduce the 
Naval aircraft accident rate. Aviation safety is an 
“all hands” function requiring the utmost cooperation 
of all commands and activities to assist the central 
monitoring agency. By the proper evaluation of air- 
craft accident, forced landing, incident, and ground 
accident reports, it is possible to detect unsafe con- 
ditions or deficiencies in the three basic elements which 
make up aviation: (1) human beings, (2) airplane 
hardware, and (3) operational utilization of (1) and (2). 

Through the detection of such inadequacies, sig- 
nificant corrective action can be initiated for the im- 
proved design, manufacture, operation, and main- 
tenance of aircraft. Necessary advancements in train- 
ing are readily established. The need for improved 
safety and survival equipment is detected. Weak- 
nesses in our systems for obtaining corrective action 
have been uncovered, generating the need to improve 
methods to attain greater efficiency. And_ thus, 
through the actions and reactions of processing re- 
ports of unsafe occurrences and conditions, aviation 
safety has found a front seat in the Navy in a short 2 
years. 

During this 2-year period, several major accom- 
plishments have been made which are essential to the 
Naval aviation safety program. 


Aviation Safety Officer’s School Established 


One of the first deficiencies discovered in the proces- 
sing of accident, forced landing, incident, and ground 
accident information was the inadequacy of investiga- 
tions. It was immediately determined that aircraft 
accident boards were not well enough trained in the 
methods of cause determination. 


Many aircraft ac- 
cidents went into the undetermined files through lack 
of knowledge of investigation procedures, and it was 
evident that proper corrective measures could not be 
taken unless cause factors were definitely established. 


Some of the Naval Aviation Safety Center's publications vital to 
life and materiel conservation are viewed by the author. 
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Captain M. B. Williams, Director of the Naval Aviation Safety 
Center (right), and the author confer. 


In order to correct this serious situation, the Naval 
Aviation Safety Officer's School was established at 
the University of Southern California in 1954. An 
S-week course teaches rudiments of accident investi- 
gating and reporting. Besides approximately 80 
classroom hours in investigating, plus an actual field 
investigation, the following courses are covered (total- 
ing approximately 260 classroom hours):- basic aero- 
nautical engineering, aviation psychology, aviation 
physiology, and safety management. 

Nearly 200 graduates of this school are now on duty 
in fleet aviation safety billets and are currently con- 
ducting the quality investigation and reporting nec- 
essary to aviation safety. Recently many civilian con- 
tractors and members of other activities have become 
interested in the Safety School and are sending their 
representatives to a condensed course of instruction. 
It is expected that it will be continued as an essential 
part of the Naval Aviation Safety Program. 

Much of the information essential to accident in- 
vestigation is published in the Handbook for Aircraft 
Accident Investigation, which is distributed Navy-wide 
for such use. 


Accident Reporting System Improved 


Almost as soon as the Safety Center was established, 


it was determined that accident reporting procedures 


needed revision. Work was begun immediately to 
improve and correct existing deficiencies. Adequate 
message reports of unsafe occurrences and amplifying 
information in accordance with a prescribed form were 
established. Instructions for the appointment of ac- 
cident boards, adequacy of the reporting form, duties 
of the chain of command, and many other items were 
reviewed and improved as necessary. These items 
are now published in the “‘bible’’ of Naval aviation 
safety which is Navy Aircraft Accident, Incident, and 
Forced Landing Reporting Procedure, Op Nav In- 
struction 3750.6B. This instruction contains com- 
plete information for the reporting of all Naval air- 
craft accidents, forced landings, incidents, and ground 
accidents. 
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A suspected hydraulic component is discussed by the author (right) 
and Lt. Comdr. H. N. Moore, crash investigator. 


““FUR”’ System Inaugurated 


An extremely frustrating barrier to the new Naval 
Aviation Safety Program was the lack of background 
statistical information on materiel failures which did not 
result in aircraft accidents. 

The Unsatisfactory Report (UR) system, which had 
replaced the old Report of Unsatisfactory or Defective 
Materiel (RUDM) system in 1952, 
processed by machine methods, nor did it have work 
able provisions for rapid emergency reporting. 

In 1954 the Safety Center and the Chief of Naval 
Operations, in cooperation with the Bureau of Aero- 


could not be 


nautics, sparked the establishment of a new method 
for the rapid reporting and processing of failure in 
formation—the 
(FUR) system. 
in conjunction with microfilm (filmsort) to process in 


Failure or Unsatisfactory Report 


It utilizes modern IBM machinery 


coming failure reports, currently being received at over 
1,000 per day. Obviously not all of “these reports 
relate to Safety of Flight, but it is easily seen that such 
a volume of valuable and diversified information can 
be processed only by modern machine methods 

The system also has a rapid message reporting form 
which is required on all Safety of Flight failures. This 
assures priority action on all such failures. Previous 
facilities prevented positive and rapid determination 
of unsafe conditions in many instances until after an 
accident had multiple 
accidents occurred before the problem was isolated and 
corrected. The FUR system greatly limits the prob 
ability of accidents due to the same or similar failures 


occurred. In several cases, 


The FUR system has been primarily responsible for 
the detection and correction of many unsafe con 
ditions, thus preventing several serious aircraft acci 
dents which might have otherwise occurred. It is the 
most modern and efficient method of obtaining failure 
statistics and data in operation in the world today and 
is an essential part of the new Naval Aviation Safety 
Program. Materiel reliability 
without such a system. 


cannot be obtained 


The current directive pro 
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mulgating instructions for FUR reporting is Bude 
Instruction NavAer 00.58A. 


Disassembly and Inspection Report (DIR) System 
Improved 


In many instances of known or suspected ma 
teriel failure, the facilities available to perform com 
plete investigations at the squadron level are ip 
adequate. Therefore, it is essential to have technicg 
specialists and equipment available to perform am 
needed materiel 


investigations and establish an 


report the cause of failure. Many cases of disassembh 
in the field have resulted in negative findings, furthe; 
damage to equipment, and loss of evidence. 

Under the improved DIR system, any investiga 
tion board can contact the nearest BuAer Maintenane 
Representative who designates an activity to which 
the failed equipment is to be sent. This is usualh 
an Overhaul and Repair Activity, but in the case oj 
brand new equipment it would probably be the con. 
tractor. The equipment is sent by the fastest means 
available, and utmost priority is given to the tear 
down and report. 

Instructions for the proper procedures to follow are 
promulgated in the FUR _ Instruction. The me 
chanics of the system are simple, and it has proved a 
vital asset in the determination of cause factors plus the 
correction of materiel deficiencies. 


Quality Aviation Safety Literature Published 


The publication of adequate safety material to form 
a continuous flow of information to all levels of the 
aviation organization is an essential part of any avia- 
tion safety program. The original Weekly Summary 
of Accidents is still published with maintenance safety 
notes and highlights of the week’s reported accidents 
In addition, a full-length, quality safety magazine 
called Approach is published monthly. This maga- 
zine has many articles of interest to all individuals con- 
cerned with aviation. It is divided into three sec- 
tions—operations, aeromedical, and maintenance. 

Approach is available on a subscription basis from 
the Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., at $2.50 per year 

A quarterly Digest of Accidents Involving Materie! 
Failures and Maintenance Errors is published Navy 
wide with comments and appraisals of some of the 
more important information. A quarterly Digest 0 
Forced Landings, Incidents, and Ground Accidents 1s 
also published. 


These digests contain information 


alphabetically by model aircraft and are a major 
source of information to aviation safety officers. By 
avoiding the occurrences and investigating or expect- 
ing the troubles listed, any aviation activity can ma- 
terially reduce the probability of an unsafe occurrence 
History has proved that most unsafe occurrences are 
periodic repeaters. Some occur only a few times in the 
lifetime of an aircraft 
others much more frequently—which we cannot live 
with. 


which we can live with—and 


Notification to all activities concerned is essen- 
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tial, whether or not the unsafe condition is corrected, 
so that plans can be made to avoid known hazards. 

In addition, the Naval Aviation Safety Center pub- 
lishes Accident Summaries for specific models of air- 
craft at intervals; also safety posters. ‘‘Grampaw 
Pettibone” is still a plank owner in the Naval Aviation 
Safety organization, and his articles appear monthly 
in Naval Aviation News published by BuAer. This 
publication is also available on a subscription basis. 

There is no doubt that the publication of this quality 
literature has done much to sell the new Naval Avia- 
tion Safety Program. Continuation and improvement 
of all safety publications is essential to the progress of 
safety. 


Aeromedical Aspects Improved 


Certainly the greatest problem in the entire safety 
program is the human being. Realizing this, the 
Naval Aviation Safety Program has shown the need 
for highly qualified flight surgeons in accident in- 
vestigations. Current instructions for accident boards 
require that one member be a flight surgeon. In- 
vestigation of the sociological, psychological, and 
physiological factors has proved extremely important 
in aircraft accident Pathological in- 
vestigation is also proving to be a major source of in- 
formation in accident cause determination. Such 
factors are studied and coordinated by the Aero- 
medical Department of the Center. 


prevention. 


There are many more accomplishments of less dy- 
namic significance which add up to a major contribu- 
tion to the aviation safety effort. These involve the 
mechanics of the Safety Program and are deleted from 
this account only in the interest of brevity. 


CONCLUSION 


In conclusion, it is obvious that Naval aviation 
safety has come a long way over the past 2 years. 
The major aircraft accident rate has been significantly 
reduced, resulting in the saving of many lives and air- 
craft. The Navy has made a determined effort which 
has succeeded. 


Chief Aviation Electrician J. A. Willet (left) and the author study a 
microfilmed Safety of Flight AMPFUR (an amplified FUR) on a 


magnification viewer. 


Still, there are many avoidable accidents occurring 
daily which involve the design, manufacture, operation, 
and maintenance of Naval aircraft. Therefore, there 
is much to be accomplished in the future. Is the 
present safety effort satisfactory? Is it worthy of 
continuation? Should the efforts be expanded in view 
of the tremendous expense involved? The answer 
in each case is a firm “‘yes’’! And here are the reasons: 

(1) In view of the increasing cost and complexity 
of modern aircraft, additional efforts are not only war- 
ranted but desperately essential. As we approach 
closer to our goal (as any good football player knows), 
our task becomes increasingly difficult, and added 
thrust is essential. 

(2) ‘‘A penny saved is a penny earned” is a poor 
proverb in safety. Figures show that every dollar 
spent directly on Naval aviation safety for the past 2 
years saved us approximately $200 in reduced accidents. 
This is a fantastic 10,000 per cent annually on our in- 
vestment. An ounce of prevention in this instance 
was worth many pounds of cure. 

(3) Naval aviation recognizes its responsibility 
in the conservation of lives and dollars and is prepared 
to continue and implement its safety efforts. 
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Considerable savings in suction 
power requirements can be 
realized by using distribuled 
suction in contrast to single 
slol systems. 


Delay of the Stall 


by Suction Through Distributed Perforations 


August Raspet,t Joseph J. Cornish IIl,t and Glenn D. Bryant** 
Aerophysics Department, Mississippi State College 


INTRODUCTION 


DEMONSTRATION of boundary-layer 
control to delay separation was first made in 1904 
by Prof. L. Prandtl' in a beautifully simple manner. 
He used a small, slow-speed, hand-driven water channel 
in which he placed a cylinder having a lengthwise slot 
cut into the convex wall. To the interior of the cylinder 
led a rubber hose. By cranking the water wheel to ob 
tain a flow and siphoning on the hose, Prandtl was able 
to photograph the delay of separation when the slot 
was rotated to a position on the downstream face of the 
cylinder. conducted 
Prandtl’s small laboratory because neither fast film 
nor intense lights were available, but the bright sun was. 

The influence of Prandtl’s experiment was not felt, 


This experiment was outside 


however, until some years later when Ackeret, Betz, and 
Schrenk* made their studies on a boundary-layer con- 
trolled wing. Prandtl’s philosophy of single slot suc- 
tion has persisted even to the present in spite of the 
fact that Prandtl* himself gave the relation for rate of 
momentum gain A.V in the boundary layer with distrib 
uted suction as AM = plu, where U, is the outer 
velocity, vo is the suction inflow velocity, and p the fluid 
density. In 1926 Ackeret* mentioned distributed suc 
tion in a diffuser having walls of perforated plate. 
Ackeret pointed out the advantages of a perforated wall 
diffuser but made no measurements. Later one of his 
students, Ras,® studied rather extensively the control of 
the boundary layer in a diffuser having perforated plate 
walls of uniform porosity. 

In the meantime, Schrenk® in 1928 made an experi- 
mental test of sheet perforated with narrow, short slots 
and with holes installed on the suction surface of an 


Presented at the VTOL Aircraft Session, 24th Annual Meetin 
IAS, N.Y., Jan. 23-26, 1956. 

* This work was conducted under a research contract with the 
Office of Naval Research under the sponsorship of the U.S. Army 

7 Head. 

t Aerodynamicist. 

** Aeronautical Engineer. 
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airfoil. In fact, Schrenk even divided the wing into 
three compartments in order to apply suction through 
the slot-perforated sheet in a manner requiring less 
suction power. 

Much later, Shenstone’ discussed the advantages of 
suction boundary-layer control through perforations 
and described an airplane using this concept to increase 
lift and to reduce pressure drag of the wing, as well as 
that of the wing root. Furthermore, he used the suction 
air to cool the engine. An airplane was built along 
these lines by Miles,* but evidently the results obtained 
were not promising for nothing but sketchy data were 
reported. 

In contrast to the limited use of distributed suction 
for stall delay, the use of a slot at one chordwise position 
the considerable attention. 
Chordwise positions from the leading edge to the very 


on airfoil has received 
Walz’ showed 
that for a single slot the position of maximum lift in- 
crease for a given suction quantity AC;,/Cg was at about 
10 per cent. This result applies to an NACA 0012 air- 
foil at RN = 0.8 X 10%. 
however, has been expended on the suction or blowing 
A most elegant 
work in the single slot boundary-layer control field was 
that of Stiiper’ in which he reported the work at 
Géttingen on the AF-1 and AF-2 boundary-layer control 
airplanes. A variation of the single slot scheme resulted 
in the combined suction-blowing of Arado of which 
there several recent applications. The 
work reported in this paper will be confined to the proc- 


trailing edge have been recommended. 


By far the greatest effort, 


slot at the flap and aileron hinge point. 


have been 
ess of suction boundary-layer control by suction dis- 
tributed by means of rows of perforations spaced chord- 
wise in such a way that a boundary layer stable against 
turbulent separation is maintained to the trailing edge 
with a minimum expenditure of suction power. This 
scheme was tested on a sailplane and on an Army L-?! 
Cub of 125 hp. The results of take-off measurements 
made with the L-21 show clearly that the suction 
through distributed perforations improves the take-off 
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over a 50-ft. obstacle by 42 per cent. Comparisons 
made with the data of Stiiper show further that dis- 
tributed suction is much more economical of suction 
power than single slot suction. 


CONCEPTS OF DISTRIBUTED SUCTION BLC 


The process of stall delay in the flow over an airfoil 
consists essentially of bringing energy into the boundary 
layer by removing the slower innermost volume of the 
boundary layer. In view of the fact that the turbulent 
boundary layer exists over the rearward positions on 
the upper surface of any airfoil, the process of stall delay 
on these wings consists in delaying the separation of the 
turbulent boundary layer. Advantages of this pro- 
cedure lie in the ability of a turbulent boundary layer 
to flow against a larger adverse pressure gradient and in 
the fact that small geometric disturbances need not be 
considered as insurmountable obstacles as they must in 
the process of laminar stabilization. In other words, 
the present status of the control of the geometry of air- 
foils on production aircraft allows the process of tur- 
bulent boundary-layer control to be considered, pro- 
vided seams, rivets, and gross disturbances are elimi- 
nated. This is not a strict requirement except where a 
maximum economy of suction power is desired. In 
the application of single slot suction or blowing where 
considerable energy is added at one chordwise point, 
where the boundary layer is actually “repaired,” 
geometric discontinuities are not considered as serious 
detriments, for additional power can be added to make 
up for losses suffered by the boundary layer upstream. 


Recognizing the potential of the distributed suction 
control of the turbulent boundary layer, the authors of 
this paper sought a rational method for designing suction 
surface airfoils which would yield the largest lift incre- 
ment for the smallest suction power along this line. 
Cornish'! made a study of various high-lift devices with 
a view toward defining their properties. His results 
showed that a plain airfoil yielded the best value of 
power factor C,3/Cp,?.. This value then remains as a 
goal for boundary-layer control research. 

An even more rigid criterion and a practical one is 
evinced by this stipulation: 


Effective boundary-layer control is achieved when 
the airplane whose suction power is taken from the main 
engine shows a better take-off over 50 ft. than when the 
same power is used for propulsion. In other words, 
elective boundary-layer control must show that the 
suction power is better used for boundary-layer control 
than when left in the propeller. 


How much power can be so stolen from the propeller 
of propulsion unit depends on the reserve power avail- 
ablefor climb. How little needs to be taken depends on 
the efficiency of the boundary-layer control system. 


The foregoing power considerations no longer apply for 
landing over an obstacle because on landing the engine 
has an excess of power. However, when the suction is 
obtained from stored power, as is desirable for safety, 


power economy is again a strong consideration. 
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SCHWEIZER TG3-A MopIFIeEpD FoR HicH-Lirr BLC 
RESEARCH 


In October, 1953, work was begun to modify a TG3-A 
sailplane for use as a research vehicle. 
has a wing area of 237 ft.2. and an aspect ratio R = 
12.5. Most of the research was conducted with the 
sailplane at a wing loading of 5.2 Ibs./ft.2.. After modi- 
fications and while in the impervious condition, this 
aircraft developed a maximum lift coefficient of 1.38 
which occurred, under the above conditions, at an 
air speed of 38.5 m.p.h. 


This sailplane 


The wing was structurally reinforced to allow perfora- 
tions to be drilled. In order to strengthen the plywood 
D-beam and compensate for the weakening effect of the 
perforations, Fiberglas cloth was bonded to the wing. 
Experiments with sample specimens showed that the 
strengthened, perforated wing was approximately 10 
per cent stronger than the original unperforated wing. 


Since the wings were divided into two compartments 
by the spars, two suction pumps were required for each 
wing. The pump in the forward compartment was 
capable of operating at a high-pressure differential in 
order to achieve the suction required. The rear pump 
was required to produce a pressure differential of fewer 
inches of water because of the lower local velocities over 
the rear portion of the wing. 

With the final porosity on the wings, the sailplane was 
able to develop an airplane lift coefficient C, = 2.28 
with a suction quantity Cg = 0.00316. At this condi- 
tion, the airplane stalled at 29.8 m.p.h. 


L-21 MOopIFIED FoR HIGH-LiIFT BLC 


The L-21 is a military liaison-type adaptation of the 
familiar Piper Super Cub Model PA 18. This airplane 
is a tandem two-place tractor monoplane. It is pro- 
vided with a strut-braced, high, rectangular wing and a 
two-wheel landing gear. Wing span is 35 ft., and wing 
area is 178 sq.ft. Gross weight is 1,500 Ibs. The 
structure consists of a steel tube truss fuselage and a 
wing made from two extruded aluminum spars and 
aluminum truss ribs covered with fabric. Propulsion 
is provided by a Lycoming 125-hp. engine driving a 72- 
in. fixed-pitch metal propeller. 

The principle guiding the modification was to apply 
boundary-layer control to the airplane to test it in a 
take-off and minimum flying speed configuration. The 
landing and cruise conditions were considered secondary. 
An engine-driven blower was, therefore, considered 
desirable because of its simplicity, even though bound- 
ary-layer control would not be available for a power-off 
landing. A fixed-pitch propeller set for take-off and 
climb was also selected for simplicity. 


DESIGN OF THE BLC SYSTEM FOR THE L-21 


The application of boundary-layer control to the L-21 
was intended primarily as a test of the engineering 
applicability of the techniques and methods thus far 
developed. The required suction, a suitable pump, and 
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Fic. 1. Surface shear on L-21 wing 


all other necessary accessories were to be designed 
from an initial set of measurements, and the results 
were to be evaluated on the basis of lift gained for horse- 
power expended. The design of the system was sepa- 
rated into three steps—distribution and amount of 
suction required, pressure losses in ducting and turns, 
and pressure and flow requirements of pump. 

In order to determine the suction quantities required, 
a procedure similar to the one reported in reference 11 
was followed. This method makes use of the von 
Karman momentum equation written by Prandtl to 
include the effects of suction at the surface 


,, 


From the previous research it has been found that a 
considerable delay of separation and a consequent in- 
crease in lift could be accomplished if the rate of loss 
of momentum in the boundary layer could be inhibited. 
In the present case, it was decided to limit the growth 
of the momentum thickness to 0.002 ft. per foot. This 
amounted to allowing the boundary layer to grow only 
about one half as fast as in the impervious case. 

The use of Eq. (1) requires a knowledge of the bound- 
ary-layer parameters, the surface shear, and the velocity 
distribution which will exist on the wing after the 
application of suction. A major factor influencing 
these parameters is the chordwise location of the point 
at which suction is started. 

Since the wing of the L-21 is fabric covered and has 
a metal leading edge which extends back to the 15 per 
cent chord station, this location was chosen as starting 
point for the suction. Although mechanically desirable 
because of the ease of punching the fabric covering, this 
position is also suitable from an aerodynamic standpoint. 
It is far forward enough to achieve control of the bound- 
ary layer with relatively small flow quantities, and yet 
the suction pump is not required to work against a 
high-pressure rise. 

In order to determine the terms to insert in Eq. (1), 
measurements were made on the wing with the airplane 
in flight at 38 m.p.h. At this speed, the turbulent 
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separation point was between the 80 and 85 per cent 
chord stations, and the flap was completely stalled jy 
all cases except the 0° position. 

Boundary-layer profiles were measured on the upper 
surface, and from these the initial value of momentuy 
thickness at the 15 per cent chord was computed. The 
local velocity along the surface was also measured. |t 
was assumed that the value of the shape parameter 9 
would remain constant at 1.45 under the influence of 
suction. The values of the surface shear used in this 
computation are shown in Fig. 1. 

The required flow for this suction distribution was 
obtained by drawing the air through rows of 0.030-in, 
holes punched in the wing. The spacing of these 
perforations was determined by the internal wing 
pressure, the flow characteristics of the holes, and the 
required inflow. The highest allowable internal wing 
pressure was fixed by the local static pressure at the 
15 per cent chord station. For, if at any point the 
internal wing pressure were higher than local static 
pressure, outflow would occur at that point. In the 
practical case, however, the pressure inside the wing 
should be considerably lower than the lowest local static 
pressure. This should be done to avoid extremely 
close row spacings in regions where the pressure differ- 
ence across the skin would otherwise be very low. In 
this case, the internal wing pressure was chosen so that 
the minimum pressure difference across the skin would 
allow a spacing of at least 0.1 in. between rows of holes. 
With the internal wing pressure thus determined and 
the flow coefficients of the holes known, the spacing of 
the rows to give the correct suction distribution was 
computed. However, when the airplane was flown, it 
was found that two discrepancies were present. First, 
due to shrinkage of freshly doped fabric, the flow co- 
efficient of the holes was lower than the value used in 
the computations. Secondly, the internal wing pres- 
sure developed by the pump was not so low as had been 
calculated. Consequently the actual inflow quantity 
was much smaller than was computed. This distribu- 
tion gave a lift increment of 0.25 with a value of Cg = 
0.00125 at 36 m.p.h. It was decided that a second 
porosity distribution should be calculated taking into 
account the reduced pressure drop inside the wing and 
the reduced flow coefficient of the holes in the wings. 
It was further decided to prohibit entirely the growth 
of the boundary layer at 38 m.p.h. in order that a larger 
lift increment be gained. For this computation, a 
constant value of skin-friction coefficient C, = 0.003 
was used. After the new row spacing was calculated, 
the additional porosity was punched onto the wing be- 
tween existing rows already on the wings. The new 
inflow distribution required a suction coefficient Cg = 
0.00354. 

The new arrangement yielded a lift increment of 0.90 
above the impervious case which brought the speed 
down to 34 m.p.h. This value was still not so good as 
could have been expected from previous research,” 
where amplification factors AC,/Cg = 285 were ob- 
tained. It was obvious that, while the momentum 
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equation was useful in predicting the required suction 
distributions, some additional information concerning 
the variation of the momentum thickness and the shear 
in the boundary layer under the influence of suction was 
required. 

Concurrently with the project of applying perforated 
suction to the L-21, a more fundamental research was 
being conducted using the sailplanes. This research 
was directed toward a better understanding of the 
effects of suction on the boundary-layer parameters. 
Although the study was not complete at this time, 
enough information has been obtained to allow some 
insight into the prediction of the effects of suction on 
the momentum thickness of the boundary layer. 

Therefore, a third suction distribution based on the 
results of the new research was planned. The row 
spacing determined by this method was applied to the 
aircraft in much the same manner as the previous dis- 
tributions. This new suction distribution required a 
flow coefficient Cg of 0.00605 at the new stall speed 
which was 28 m.p.h. At this air speed, an airplane 
lift coefficient of 3.98 was developed. The air horse- 
power required for suction, the amplification factors, 
and the lift increments for all three distributions are 
shown in Fig. 2. 

An investigation of the behavior of the aircraft during 
the stall, as well as boundary-layer profiles measured 
near the stall speed of 28 m.p.h., indicated that the stall 
of the airplane resulted from a laminar separation near 
the leading edge of the wing rather than from a tur- 
bulent separation from the rear. 

This situation has been recognized as the limiting 
factor on high lift on the sailplanes. It was found that 
if turbulent separation is delayed long enough, laminar 
separation almost inevitably results as the angle of 
attack of the aircraft is increased. Therefore, no fur- 
ther efforts were made to influence the turbulent bound- 
ary layer. A new program was begun for the purpose 
of studying the laminar separation problem on the L-21. 


EVALUATION OF RESULTS 


Both from previous experiments on the sailplanes and 
from the present work on the L-21 it appears that 
amplification factors AC,/Cg of the order of 300 
may be expected where suction through distributed 
perforations is employed to prevent turbulent boundary- 
layer separation. It should be emphasized that this 
will hold true only when the suction is distributed ac- 
cording to the demands of the boundary layer. Arbi- 
trary suction distributions inevitably result in low lift 
increments for relatively great suction quantities. 

The use of Prandtl's form of the momentum equation 
as an aid to calculating the distribution of the suction is 
effective, but the method is limited by the fact that a 
knowledge is necessary of the boundary-layer param- 
eters after the application of suction. This presumes 
a knowledge of suction effects on such things as surface 
shear, momentum thickness, velocity gradients, etc. 
For ease of application, Eq. (1) may be reduced to 


Vo = 3.50,U’ — 0.5 C,U (2) 
where 
v) = local inflow velocity 
6; = value of momentum thickness at start of 


suction 
UL’ = local velocity gradient obtained from potential 
flow distribution 


U = local velocity obtained from potential flow 
distribution 
C, = turbulent flat plate skin friction evaluated at 


local RN based on distance run and local 
velocity 


In practice, local velocities and local velocity gradi- 
ents may be obtained either from potential flow cal- 
culations or by electrorheological methods. The 
initial value of the momentum thickness 6; may be 
computed by several methods, among which is that of 
Tani” 


= 0.44U- dx (3) 


where U is local velocity, and x is measured along 
the surface from the stagnation point. 

In order that large amplification factors on the order 
of 300 be obtained, it is necessary that the suction be 
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applied as near the point of transition as possible, surely 
no further aft than 25 per cent chord. It is assumed 
also that, for this method to be effective, the stall of the 
impervious wing must have resulted from a turbulent 
separation beginning at the trailing edge. This method 
has given a lift increment of 0.9 for an unflapped wing 
resulting in a maximum airplane lift coefficient of 2.30. 
The suction coefficient Cg was 0.00316 and required less 
than one air horsepower for a sailplane having 
weight of 1,300 Ibs."! 


1 YTOSS 


FURTHER APPLICATIONS 


It is believed that the use of suction through dis- 
tributed perforations has applications not only to light 
planes but also to larger, transport-type aircraft. A 
study was performed for the Fairchild Engine and 
Airplane Company to evaluate the application of 
boundary-layer control by means of suction though 
distributed perforations on the C-119 Packet. The 
investigation was a cooperative undertaking wherein 
all velocity distributions and tuft photos, flight-test 
data, boundary-layer profiles, etc., were obtained in 
flight by the engineering staff of the Fairchild Aircraft 
Division. With this information, stalling character- 
istics of the airplane were evaluated and the necessary 
suction distributions were computed using the Prandtl 
form of the momentum equation. 


PERFORMANCE MEASUREMENTS ON L-2! 


The original purpose of the boundary-layer control 
sailplane was to test the concept of suction through 
distributed perforations. It has since become a demon- 
stration vehicle with which to illustrate the behavior 
of boundary-layer control. With this sailplane it is 
possible to land without suction and, on touching down, 
apply suction and take off again. We can also show the 
effect of suction boundary-layer control applied to only 
one wing. A strong rolling moment is experienced 

However, the sailplane was unable to simulate the 
take-off of a powered airplane since it is towed off. 
For this reason, the L-21 Cub was next modified for 
boundary-layer control. Since the power required for 
suction was obtained by a belt from the propeller shaft, 
the final take-off measurements, when compared to a 
similar airplane, should show a shorter take-off over 
a 50-ft. obstacle if the boundary-layer control system 
is really effective. 

Lacking an 
equivalent 


exactly similar L-21, the nearest 
a Piper PA-18 with a 135-hp. engine—was 
used as the comparison airplane. For the comparison 
measurements the two airplanes were flown at gross 
weights such that the power loadings of the two air- 
planes were identical, W//7P = 11.1 (Ibs./hp.). 

For recording the take-offs, a multiple exposure 
camera was developed which yielded a complete record- 
ing of distance, altitude, and time. The flights were 
made early in the evening when the atmosphere was 
quite stable and turbulence-free. The pilots of both 
airplanes were thoroughly practiced on short take-offs 
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in their respective aircraft. To reduce influence of 
technique, take-offs were made at a series of closely 
spaced take-off speeds. 

Fig. 3 shows the take-off distances versus take-off 
speed. A 42 per cent reduction in take-off distance over 
50 ft. is clearly shown for the boundary-layer control 
airplane when distributed suction boundary-layer con- 
trol is used. It should be mentioned that ideally the 
two airplanes should have the same engines and should 
be compared experimentally at the same wing loading 
or even at the same pay load so that the additional 
weight of the boundary-layer control system (35 Ibs.) 
and tricycle landing gear (45 lbs.) is considered. 

In order to determine what flight parameters set the 
limit to the improvement in take-off obtainable with 
boundary-layer control, a series of performance measure- 
ments were made in gliding flight and with propulsion. 
In the gliding measurements, the thrust horsepower re- 
quired for level flight with boundary-layer control was 
found (Fig. 4). These measurements were not made 
up to the maximum lift coefficient because steady-state 
flight could not be held close to the maximum lift co- 
efficient. Included in this illustration are the two 
curves for a classical slotted flap without suction (un- 
perforated). Comparison of the suction curves with 
these shows that the thrust horsepower is reduced by 3 
hp. with the application of 2 hp. to the suction bound- 
ary-layer control. 
greater. 


At higher speeds the saving is even 
The rise in power required as the stall is 
approached is clearly seen in Fig. 5 where the climb-out 
angle is plotted as a function of air speed. It is clearly 
evident that the maximum climb-out angle is obtained 
with a flap setting of 1/3 of full-flap angle of an air 
speed of 48 m.p.h. Even more striking is the loss of 
climb-out angle as the air speed is decreased below 48 
m.p.h. This behavior clearly illustrates the need for 
higher efficiency in the propulsive system at the lower 
speeds. In other words, although the airplane is able 
to get off the ground in a shorter distance with bound- 
ary-layer control, it cannot climb out steeply at mini- 
mum take-off speed. 

Fig. 6 shows the linearized drag polars obtained in 
gliding flight with suction on. It will be seen that the 
slope of the curve with full flaps is steepest. In fact, 
the span efficiency factor computed for the full-flap 
curve comes out to be 107 per cent. This means that 
some thrust is being developed by the suction air passing 
through the engine, being heated, and then exhausted at 
a speed in excess of flight speed. 

Table 1 summarizes results of tests to determine the 
maximum lift coefficient obtainable under controlled 


TABLE 1 
PA-18 Army L-21 
No Boundary-Laver Boundary-Layel 
Flap Control Control 
Setting Power-Off Power-On  Power-Off Power-On 
0 1.3 1.6 2.6 2.5 
1/3 23 3.2 
1/2 1.4 2.0 28 3 0 
Full 1.55 2.16 3.0 1.0) 
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full power-on flight. From this table, one sees that the 
increment in maximum lift coefficient between power-on 
and power-off for suction with full-flap deflection is 1.0, 
whereas without suction the increment is 0.6. In other 
words, the flap combined with suction turns the slip- 
stream of the propeller so as to gain additional lift. 
This is in essence what is desired for vertical take-off 
fixed-wing airplanes using the power of the slipstream 
for lift. 
flap for deflecting the slipstream downward should be 


The effectiveness of distributed suction with a 


compared with the classical method of using a leading- 
edge slot with multiple flaps. In particular, the power 
required to aifect the turning introduced should be 
weighed against the loss in propulsion which reduces 
the climb-out angle so seriously on the L-21. 


STABILITY AND CONTROL OF L-21 WITH DISTRIBUTED 
PERFORATION BLC 


Flight tests on the sailplane showed that, when bound- 
ary-layer control through distributed perforations is 
applied to the sailplane, the pitching moments cause a 
nose-up pitch. This takes place because the pressure 
peak at the forward part of the airfoil is most effective 
in producing lift. Because the lift is so developed, no 
large increment in lift is lost as a result of down load on 
the horizontal tail. 

The foregoing results were confirmed on the L-21. 
It was found that no modification to the horizontal tail 
was needed to trim the boundary-layer control airfoil 
to lift coefficients as high as 4.0 (power-on). 

From the sailplane studies, it was also found that 
lateral stability and control was well retained up to the 
stall. In fact, on the sailplane the lateral stability in 
the stall was adjusted to a satisfactory state by modify- 
ing suction distribution as needed in the tip region. 

Since the momentum in the boundary-layer flow 
over the ailerons is increased by suction, it is to be ex- 
pected that lateral control would be satisfactory at the 
higher lift coefficients obtainable by boundary-layer 
This was confirmed by both the L-21 Cub 
and the sailplane flight tests. 


control. 


On the L-21 the directional control is marginal when 
taking off at the lowest speeds possible with boundary- 
layer control. 
a large yawing moment which, at the slower speeds, the 
standard L-21 rudder is just barely able to overcome. 
Also, a loss of directional stability resulted from the 
addition of the front wheel of the tricycle gear to the 
L-21. However, the L-21 possesses sufficient direc- 
tional stability and control so that it can take off and 
land at the slowest speeds useful for short take-off 
by amateur pilots. 


The engine torque and slipstream cause 


COMPARISON OF THE BLC AIRPLANES AF-2 
AND THE L-21 


An interesting comparison of a single suction slot 
boundary-layer control system applied to a small air- 
plane is that of the AF-2 versus the Fi-156 (Fieseler 
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TABLE 2 

AF-2 Fi-156 
Span, ft. 51.5 18.2 
Wing area, sq.ft 259 279 
AX 9.65 7.8 
Weight empty, lbs 2,450 2,150 
Flight weight, lbs 2,940 2,770 
Wing loading 11.35 9.94 
Horsepower 270 240 
Power loading, lbs./hp 10.9 11.52 
Inner flap chord, %C 19 25 
Outer flap chord, %C 25 
Area flap, ft.* 31.4 23.6 
Propeller diameter, ft 8.52 8.52 
Prop pitch, ft Variable 4.68 
Suction power, hp 15 0 


Storch). 
shown in Table 2. 


The characteristics of these airplanes are 


Since both of these airplanes were accurately flight 
tested for take-off performance—the AF-2 by Stiiper 
and the Fi-156 by Hoerner!’—a rational conclusion on 
the efficiency of a single suction slot located at the flap 
and aileron hinge line can be drawn from this work. 
Fig. 7 shows the ground run and the distance over 50 ft. 
for these airplanes plotted against take-off speed. It 
will be seen that, while suction does reduce the distance 
over 50 ft. of the AF-2 when compared to the same 
airplane with boundary-layer control off, no such ad- 
vantage can be claimed for the AF-2 when compared to 
the Fi-156 Storch. In fact, the Storch gets over 50 ft. 
in 77 per cent of the distance of the AF-2. 

The AF-2 takes its suction power (about 45 hp.) 
The Storch, 
on the other hand, uses slots and flaps to achieve high 


directly from the engine through shafting. 
lift coefficients. The comparison in Fig. 7 clearly shows 
that the 45 hp. used for suction on the AF-2 was not 
employed so effectively as the same power put into the 
propeller of the Storch. Fundamentally then, single 
slot suction requires more power to achieve high lift 
coefficients than does the slot-flap scheme. 

Since the ground runs of the AF-2 and the Storch are 
nearly equal over a considerable range of take-off speeds, 
one sees that the AF-2 suffers a loss over the Storch on 
the climb-out or the so-called air path and transition. 
The suction power, therefore, detracted from the power 
available for climb. 

On Fig. 7 are also plotted the results from tests on the 
take-off of the L-21 versus the PA-18. In this case, the 
slotted flap on the PA-18 was shown to be less efficient 
than the distributed perforation boundary-layer system 
on the L-21. 

The L-21 shows a ground run of nearly one half that 
of the PA-18. However, since the L-21 also suffers a 
loss in climb-out angle, the take-off over 50 ft. does not 
show so great a reduction as does the ground run. 

The comparisons of the two pairs of nearly identical 
airplanes—AF-2 versus Storch and the L-21 versus 
PA-18—illustrate the importance of low power require- 
ment in designing boundary-layer control systems. 
Even where auxiliary sources of power are available, the 
lower power requirements mean a lighter system. 
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SAFETY CONSIDERATION FOR BLC AIRPLANES 


If a pilot is to utilize the potential of a boundary-layer 
control airplane, he must feel secure in steep take-offs 
with the system absolutely reliable. Furthermore, 
he will exploit the potential all the more if he can 
glide to a slow speed landing should his engine fail. 
Since the L-21 uses a suction blower driven by the en- 
gine, should a power failure occur, both propulsion and 
boundary-layer control are lost. For this reason, there 
exists with this airplane a zone of altitude in which 
the pilot cannot pick up the additional flying speed 
needed to fly without boundary-layer control. There- 
fore, the full potential of boundary-layer control cannot 
be exploited with a system deriving power for suction 
from the main power plant. Ideally, the boundary- 
layer control suction power requirements should be 
kept low enough so that a storage battery of nominal 
weight can provide suction power for at least a minute 
or so. 

Other power schemes may also be used. However, 
the storage battery is ideal for small airplanes since 
it can be used for boundary-layer control during the 
landing. The boundary-layer control can be turned off 
or on at will to effect a short landing when storage 
battery power is used. On larger airplanes, an auxiliary 
power source can be used. 


PRACTICAL CONSIDERATIONS OF PRODUCING 
PERFORATED SURFACES 


On the sailplane the plywood leading edge was per- 
forated by hand drilling. Some 600,000 holes were so 
drilled at the rate of about 1 per sec. However, the 
fabric portion of the wing was pecked at the rate of 10 
holes per sec. with an automatic pricking device. 

Recently an automatic air-turbine-driven drilling 
machine has been developed in this laboratory which 
spaces the holes 10 per in. and drills them at the rate of 
5.2 per sec. in 0.032-in. aluminum. This machine has an 
air pressure control of the drill so that optimum drilling 
speed is attained by the drill rotating at 60,000 r.p.m. 
With such a device, the apparently impossible task of 
drilling the order of millions of holes no longer appears 
impossible. This machine has in fact drilled chrome- 
moly alloy at the rate of 2 holes per sec. 

Structural problems of stress and fatigue have been 
studied by Cliett.'* Further studies are needed to 
examine other materials and means to reduce the fatigue 
losses in the rows of perforations. 


CONCLUSION 


From the studies of boundary-layer control by suction 
through distributed perforations, the following con- 
clusions can be drawn: 

(1) Considerable savings in suction power require- 
ments can be realized by using distributed suction in 
contrast to single slot systems. 


(2) Distributed suction for stall control imposes no 
severe trim requirements. 

(3) Lateral stability in the stall may be controlled by 
altering suction distribution near the tips. 

(4) While an improvement in take-off over the ob- 
stacle is achieved when distributed suction is used, 
the full potential of the technique cannot be realized 
until the propulsive efficiency at low speeds is improved. 

(5) The technique of distributing suction by means of 
the momentum equation of the boundary layer does 
yield a suction airfoil with a stall delay using suction 
powers of much smaller values than single slot systems. 

(6) The results obtained in this work may be gen- 
eralized to any problem of flow control in the turbulent 
boundary layer in an adverse pressure gradient. 

(7) The task of drilling perforated surfaces having 
spacing can be made automatic and fast even with small 
drills. 

(8) During 18 months of flying, the L-21 required no 
attention to the perforated cloth surface because of 
clogging. It was restored before this period after 
having been rained on in a dusty condition. Restora- 
tion consisted of vacuum cleaner brushing. 
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The turboprop makes possible cargo transport operation from short 


airfields through its ability to give short take-off distances 
and high angles of climb and descent. 


do a given job, a smaller number of engines required, and good fuel 


savings, tt ts also an exceptionally economical vehicle. 
the author suggests that the turboprop can provide the 


nation with the marimum cargo transport capabilily for each dollar 


expended. 


The Turbine-Propeller Combination 


in the Air Force 


Directorate of Research 


INTRODUCTION 


N SPITE OF the fact that we have transport aircraft 
I which cruise at nearly 350 m.p.h., the movement of 
large quantities of goods on a global basis from pro- 
ducer to consumer is still accomplished at an average 
speed little better than that of the covered wagon 

To improve the economy and flexibility of a cargo 
transport system aircraft with long nonstop ranges 
and with ability to get into and out of a maximum 
number of airfields all over the globe is a necessity. 
The ability to use a larger number of airfields increases 
flexibility and mobility by making the system more 
responsive to sudden changes in operational demands. 
It reduces the reaction time to adapt the supporting 
logistics to a new operation. 

Just as the dispersal of manufacturing plants reduces 
the vulnerability of an industry to enemy attack, so the 
dispersal of supply points reduces the vulnerability of a 
supporting logistic transport system. The number of 
airfields available in a given area determines how easily 


and to what degree dispersal can be accomplished and 
how quickly the shift in supply points can be made 
As an example, reducing the take-off distance by one 


half, from 8,000 to 4,000 ft., will increase the number of 
airfields available in the continental United States by a 
factor of nearly six, or to 600 airfields. Reducing take- 
off distance once again by one half, from 4,000 to 2,000 
ft., would make available three times as many airfields 
as would be available to an airplane requiring 4,000 ft. 
for take-off. 

The factors which determine the distance required to 
clear a 50-ft. obstacle for a fixed-wing aircraft are wing 
loading, thrust loading, lift coefficient, and air density. 

Fig. 1 illustrates the important parameters for reduc- 
ing the take-off run.1 This figure shows that the dis- 
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tance required to clear a 50-ft. obstacle is inversely 
proportional to the thrust available. Thus doubling 
the thrust available will reduce by one half the required 
take-off distance. 


THRUST AVAILABLE AND REQUIRED FOR AN AIRPLANE 


The thrust required for a design cruising speed is 
approximately the same for a given airplane whether 
powered with turboprops or turbojets. The character- 
istics of a propeller provide an increasing amount of 
thrust with decreasing aircraft velocity. The char- 
acteristic variation of thrust from a_ turbine-driven 
propeller and from a turbojet engine, both designed to 
produce the same thrust at the design cruise speed, 
may be illustrated readily. At any velocity lower than 
the design cruising speed, the difference between thrust 
available and thrust required represents the thrust 
usable for climb or acceleration, and this extra margin 
of thrust shortens take-off roll. As a result of the 
propeller characteristics, the turboprop will have two 
to three times the thrust of the turbojet available for 
take-off, where both have the same air handling capac- 
ity through the engine. It is seen that the turbine 
propeller combination is admirably suited to meeting 
the need for shorter take-off and landing distances. 


ANGLES OF CLIMB AND GLIDE 


The greater thrust available from the propeller up to 
the design velocity enables a greater angle of climb to 
be maintained after take-off. This is advantageous in 
making use of the maximum number of airfields because 
obstructions can be cleared in less ground distance, and 
those areas affected by noise can be reduced. 

During approaches to a landing area, the ability to 
make a steep approach determines which airfields are 
available for practical use. Here again, the propeller 
can provide ample glide path control by bringing the 
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propeller into lower pitch during the approaches. In 
effect, the propeller serves the combined function of 
assisted take-off and effective glide path control with- 
out need of JATO or parachute. 


DIRECT OPERATING Costs COMPARISON 


Fig. 2 shows a direct operating cost index per ton- 
mile comparison between turbojet and _ turboprop 
transport aircraft designed for operation from 4,500 
ft. of runway.' One point representing minimum cost 
for a reciprocating engine transport, using a field 
length of 4,500 ft. and designed for 3,500 nautical mile 
range, has been included for comparison. This graph 
shows several interesting trends. First, for aircraft 
designed for equal costs per ton nautical mile and for 
equal pay loads, the turboprop aircraft will be the faster 
aircraft. Also, this comparison shows that, for equal 
cruising speeds, the turboprop is the more economical. 
Only for the greatest differential in costs per ton-mile is 
there a speed differential in favor of the turbojet, and 
this all at lower gross weights for all the turboprop air- 
craft of the same pay load, range, and speed. Fig. 2 
suggests that the limit of reduction of cost per ton-mile 
with increasing engine size has not been reached at 
15,000-hp. per engine, nor at 15,000 Ibs. of thrust per 
engine for four-engined aircraft. The possible use of 
turbine engines of higher horsepower than 15,000 is in- 
dicated by the economics of engine size shown in Fig. 
2 and by the desire to have short take-off and landing 
distances. Further development of propellers and 
turbine engines will make increased efficiencies attain- 
able. 


DEVELOPMENT FACILITIES 


As a matter of practical interest, facilities for engines 
and propellers of this order of capacity are already in 
existence or in the planning stage. Test equipment 
capable of whirl-testing propellers up to 30,000 hp. is 
installed at the Wright Air Development Center. A 
turbine-engine dynamometer capable of handling 
30,000 hp. is on contract for installation in the engine 
test facility at the Arnold Engineering Development 
Center in Tennessee. 


EXPERIENCE 


The Air Force has six turboprop aircraft being 
operated by the Military Air Transport Service on 
scheduled routes between several MATS bases with 
the object of obtaining operational experience. The 
frst two aircraft are Convair YC-131C’s powered with 
the 3,250-hp. Allison YT56 turbine engines and Aero- 
products propellers. As of December 15, 1955, these 
aircraft had flown 3,020 hours since May 1, 1954, 
averaging over 200 hours per month per aircraft, at a 
total cost of $108.93 per flying hour. 

Two Boeing YC-97J aircraft are now in service with 
MATS. These aircraft are powered with the Pratt & 
Whitney T34 engines rated at 6,000 effective s.hp. and 


equipped with Curtiss propellers. As of December 15, 
the YC-97J’s had 500 total flying hours. 

Two Lockheed C-121F aircraft are about to start 
their test program with MATS. The C-121F’2 are 
powered with the T34 turbines and Hamilton Standard 
propellers. 

In addition, the Air Force has installed T34 engines 
with Curtiss propellers in one C-124B aircraft to obtain 
engineering design information for future turboprop 
transports. Experience to date with these aircraft 
has been highly encouraging. 


THE POTENTIAL OF THE TURBINE ENGINE 


Fig. 3 shows the potential of the isolated turbine- 
propeller combination where higher turbine inlet 
temperatures are used.” The cross-hatched vertical 
area represents the range of current turbine tempera- 
tures. The effects of compressor ratio and turbine 
temperatures are shown for both turbojet and turbo- 
prop engine types. The divergence of the specific fuel 
consumption curves of the turboprops and _ turbojets 
with increasing temperatures is evident. What now is 
a 30 per cent difference between turbojet and turboprop 
specific fuel consumption will become greater with in- 
creasing turbine inlet temperatures. 

The turbine inlet temperatures in use today are 
already past the point where increasing turbine tem- 
peratures will improve the specific fuel consumption of 
a turbojet. However, both the specific thrust and the 
specific fuel consumption of a turboprop can still be 
improved by increase in turbine inlet temperatures. 
Specific fuel consumptions are obtainable which are 
less than that of the best reciprocating engines.* The 
tremendous effort that has been expended in the com- 
ponent development of the turbojet engine can benefit 
the turboprop. Additional improvements such as 
turbine blade cooling to allow higher turbine temper- 
atures can further improve the turboprop. The turbo- 
prop type of engine is more sensitive than the turbojet 
to further improvement in component compressor and 
turbine efficiencies. 

Turboprop power plant plus propeller weight is about 
2'/s times that of the comparable turbojet engine of the 
same mass airflow through the engine. This is the re- 
sult of applying most of the developments and weight- 
savings, such as strategic material content, to combat 
jet engines. These were not applied to the turboprop 
engine because of a higher priority placed on combat jet 
engines. Considerable weight-saving is still obtainable 
in the turboprop engine and propeller. However, even 
at the present state-of-the-art as measured by specific 
fuel consumption and power-plant weights, all of the 
turboprop aircraft shown in Fig. 4 are of a lower gross 
weight than any of the comparable aircraft. 


THE POTENTIAL OF THE PROPELLER 


The propeller used with the gas turbine serves as a 
thrust augmenter by making possible the mechanical 
separation of the mass of air used for propulsion from 
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the mass of air processed through the engine. It is 
this ability to use a larger mass of air for propulsion 
which makes possible high momentum efficiencies. 
Fig. 4 shows the variation of the momentum efficiency 
with the thrust per pound of air per second used for 
This variation is the result of the fact that 
it is more efficient to accelerate a larger mass of air 
through a small acceleration than to accelerate a small 
mass through a large acceleration because of the higher 
kinetic energy differences involved with large changes 
between inlet and outlet velocities. 

How nearly these ideal momentum efficiencies can be 
obtained is determined by how high a lift-to-drag ratio 
can be maintained upon the propeller blade. In 
general, the propeller blade is a wing flying in a helical 
path. The factors that improve the L/D of a wing will 
improve the L/D of the propeller section also. Since 
there are centrifugal forces which help provide stiff- 
ness to a propeller blade, considerably thinner airfoil 
sections can be used for propeller blades than for a 
wing of the same aspect ratio and load per unit wing 
area. 

In the area of propeller structures, materials, and 
fabrication, development work is pointed at reducing 
specific propeller weights for a given design condition. 

Improvements in propeller aerodynamics and struc- 
tures which are now in the flight-test stage will, when 
applied to future aircraft, enable raising the propeller 
efficiency curve on the high-speed end from what is 
shown in Fig. 5 and upon which the performance in 
Fig. 2 was based.'!. The result of this on turboprop 
aircraft performance would be to shift the present 
crossover point (from that indicated in Fig. 2 as ap- 
proximately 520 knots) to a higher speed. 

The results of much aerodynamic research have 
scrapped the concept that a propeller is limited to 900 
ft. per sec. tip speed in order to obtain good efficiency. 
As a result, more nearly optimum blade angles can be 
maintained with higher forward velocities. In this 
effort, much theoretical and wind-tunnel work has been 
done, and flight tests are going on to broaden the ac- 
cepted usefulness of the propeller. 


propulsi¢ mn. 


FLIGHT TESTS 


For flight testing, the NACA is operating a McDon- 
nell XF-S8B aircraft having an Allison T38 engine 
mounted in the nose in addition to its original jet 
engines. This vehicle can test propellers in free flight 
in the high-speed regime and is instrumented to deter- 
mine their characteristics. The Air Force is operating 
two Republic XF-84H aircraft which are powered now 
with Allison T40 engines but will have the later T54 
engines when available. Supersonic-type “propellers 
by Aeroproducts, Hamilton Standard, and Curtiss will 
be tested. 

The Air Force has also modified two Boeing B-47’s 
by installing two Wright T49 turboprop engines with 
Curtiss propellers in place of the four inboard J47 en- 
gines. The first XB-47D flew in August, 1955. 


NOISE REDUCTION 


It has been experimentally determined that the pro- 
peller acoustical power level increases less rapidly with 
increasing horsepower per blade and with increasing 
tip speed.? This offers an indication that reducing 
the noise per pound of thrust produced is a possibility 
for large turboprop engines. Noise from the gas pro- 
ducer is a subject of fundamental investigation common 
to both turbojet and turboprop power plants, but 
the most immediate solution to the relief of noise for 
communities located adjacent to airports is for aircraft 
to climb out covering the shortest possible distance 
close to the ground. 


BROAD PROBLEM 


Today all the turboprop engines which are available 
in an advanced state-of-the-art as measured by specific 
fuel consumption are being utilized commercially or 
militarily. The big problem involved in turboprop de- 
velopment is concentrating enough effort to achieve a 
new turboprop engine and propeller in the same time 
period as a combat-type engine. Because of the dif- 
ference in priorities, there results an artificially created 
difference in the state-of-the-art between the two 
types of engine at any one time. 

The ideal turboprop engine should be designed from 
the beginning as a turboprop engine for logistic air- 
craft and scheduled to become operational at the same 
time as a combat engine. This would make available 
the latest turboprop state-of-the-art in the same time 
period for application to a logistic support system. 

Another possible solution might be a free turbine 
type of turboprop which utilizes a production turbojet 
engine as its gas producer. The propeller, its power 
turbine shaft, and offset duct would then become a 
separate thrust augmenter to which the turbojet is at- 
tached. The manufacturing, supply, and repair of the 
turbojet would be the same as the combat engine. 
The advantage in cost, time, and availability of being 
able to tap large turbojet production lines for the gas 
producer is considerable. This approach might incur 
weight and/or frontal area penalties but illustrates one 
approach to solving the engine availability problem. 


CONCLUSION 


These various flight-test projects are being carried 
out to explore and exploit the technological potential 
of this nation to be sure it is getting superior equipment 
to meet the demands of an advanced logistic support 
system. Future cargo transports such as the C-130, 
C-133, and C-132 aircraft will be able to profit from the 
results of this research. 

The turboprop transport is our only practical choice 
for improving our national civilian and military cargo 
transport system—from cost, speed, economy, flexibil- 
ity, noise, and safety aspects. The net product is able 
to provide the global mobility essential to our needs. 


(Continued on page 61) 
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| | 
| A Comparison Between | 
| 
| Pay-Load Capabilities of VTOL | 
and Conventional Aircraft | 
| 
W. Z. Stepniewski* 
Vertol Aircraft Corporation | 
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INTRODUCTION 


C IS TRUE that the helicopter still remains the only 
operational VTOL aircraft and there is, as yet, no 
operational STOL aircraft (in the modern sense). 
But theoretical speculations and actual design studies 
of a great variety of basic concepts and types, belonging 
to the VTOL and STOL categories, are progressing at 
an ever-increasing pace. 

One question which must be of great interest to the 
future operators of this new aircraft is the price in the 
pay load which will be paid either for completely verti 
cal or for short take-off and landing capabilities. An- 
other problem, which will probably be of interest to the 
operators, is the extent to which the pay load of a 

* Chief of Research and Development 

The author wishes to express his indebtedness to J. Mallen 
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Concluding papers, prepared for the [AS Annual 
Veeling in January, on vertical or slow rising 
and landing concepts. As in Part I of this 
series, editing and deletion of some illustrative 
material make possible this presentation over a 
much shorter period than if each was published 


in complete form in separate issues.—Ep. 


VTOL aircraft can be improved should a_ running 
take-off be possible. Finally, in those cases when 
hovering or near hovering regimes of flight may be re- 
quired for some length of time, it is of interest to know 
how the time spent in this particular regime of flight 
may affect the pay-load capabilities of the VTOL 
aircraft. 

In this short study, an attempt is made to give at 
least some idea as to the order of magnitude of the 
price in pay load which may be paid for the VTOL 
capabilities by a medium-size transport aircraft (gross 
weight between 50,000 and 100,000 Ibs.) operating 
in forward flight cruising speed at sea level equal to 
150 and 300 m.p.h. 

It should be added at this point that, since the whole 
study is based on nonclassified material (power-plant 
and structural weights, fuel consumption, etc.) and 
since, in addition, some simplifying and somewhat 
arbitrary assumptions were made (for instance, cruising 
at sea level, arbitrary values of lift coefficient in cruts- 
ing, etc.), a definite element of conservatism has prob- 
ably been injected here. 


PAY LOAD FOR A GIVEN RANGE 


It may be assumed that weight of some structural 
groups (fuselage, empennage, landing gear, etc.), aS 
well as that of other specific items, remains fixed 
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(Wy) for a given design gross weight W. In other = 
words, it may be said that the W,,;,/W ratio is a con- 
stant for a given gross weight. Under this assumption 
the pay load to gross weight ratio PL/W for any flight 
range may be considered as a function of such variables 
as relative weight of the lifting and propelling systems 
(W,+r/W) and fuel required for cruising (W,/W),,, plus 
associated tankage. For aircraft capable of hovering, 
an additional term expressing the weight ratio of fuel 
used in this regime of flight (W/W), should also be 
considered. Under these assumptions, the pay load 
to gross weight ratio can be expressed as follows: 


PL Wre Wise | | 
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where symbols not defined as yet are OPTIMIZED FOR RANGE VS. DESIGN RANGE | 


ual PL = pay load = ee 
ing GW = W = gross weight z 
this 
A glance at Eq. (1) will clearly indicate that the 
pay load to gross weight ratio for a given range will 
hed be made a maximum when the expression in the square S 260 eco 1400 
brackets becomes a minimum. However, in order a DESIGN RANGE , STATUTE MILES 
to perform this optimization of the PL/GW ratio, addi- Fic. 1. Effect of VTOL capabilities on pay load of aircraft 
tional assumptions regarding such design parameters TE RS 
| as engine specific weight, s.f.c., etc., must be made, 
just as such operational conditions as flying speed and Making use of the assumptions listed in Table 1, 
altitude must be chosen. standard formulas for power required in forward 
flight, as well as Eq. (2), all weight ratios appearing 
OPTIMUM TURBOPROP-DRIVEN AIRCRAFT within the square brackets of Eq. (1) can be expressed 
In order to establish the pay load to gross weight for any chosen range value* as a function of the span 
running trends for conventional fixed-wing turboprop-driven b considered as an independent variable. 
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aircraft, some assumptions have been made which are 


Now it was possible to find the wing span which yields 


av be re | Summarized in Table 1. In addition, it was necessary the optimum pay load/ gross weight sana for any given 
to know | to select a formula for the wing weight Wy. range value. ia results of this operation are shown 

of flight In this particular study, a formula based on reference ™ — 1 and 2 as optimum pay load < gram weight 
e VTOL 1 was used which expresses the wing weight in terms of ratios vs. range. Fig. 1 refers to the 50,000-Ib. air- 
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its span 6 and its area S. Assuming design load factor 
of 4.5, expressing wing span in feet and wing area 
in square feet, and allowing 9 per cent for the weight 
of ailerons and flaps, the equation of reference 1 can 


craft cruising at 150 m.p.h., while Fig. 2 refers to an 
aircraft of the same gross weight cruising at 300 m.p.h. 
The results for the 100,000-lb. aircraft are almost iden- 
tical as far as the slope of the (PL/GIV) vs. range curve 


aft (gross be rewritten as follows: 


5; * In this study, ranges of 200, 800, and 1,400 miles were con- 
operating Ww = 1.09 W'4S*4 + 4.6 K 10> W(b3/S) (2) sidered. 
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wer-plant TABLE 1 
etc.) and Assumptions for Determining Optimum PL, GW Ratio of Fixed- and Rotary- Wi ing Aircré aft 
somewhat Aircraft Fixed Wing— — Helicopter 
Ver, m.p.h. — 150 ~ ———300— ~ 150 
Cruising altitude s.1. Su. s.1. 
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Weight of fuel system, Ibs. /gal. 0.25 0.25 0.25 0.25 0.45 
Installed horsepower, (BHP ),, 1.25 1.25 1,25 1.25 1.25 
Specific weight of power-plant installation, lbs./BHP 0.505 0.505 0.505 0.505 0.55 
Specific weight of shafting, lbs./BHP 0 0 0 0 0.9 
Number of propellers or rotors 2 4 2 4 2 
al Specific weight of propeller group, lbs./ BHP 0.3 0.3 0.3 0.3 
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designed for 300 m.p.h. cruise. 


is concerned, except that the whole curves are dis- 
placed upward by a few per cent.* 

As expected, the take-off ground run of aircraft 
optimized for pay load is far from what can be called 
short. Rolling distances calculated for the take-off 
speed corresponding to C, = 1.8 and friction coeffi- 
cient n = 0.05 are shown at the bottom of Figs. 1 and 2. 

In order to obtain a comparison with fixed-wing air- 
craft of a helicopter optimized for pay load, an appro- 
priate study was made assuming a cruising speed of 
150 m.p.h. and a gross weight of 50,000 Ibs. The 
assumptions made for the helicopter, of tandem con- 
figuration, are listed in the last column of Table 1. 

Selection of the average rotor lift coefficient in hover- 
ing at sea level, as well as its tip speed, defines im- 
mediately the numerical value of the total blade area 
per rotor (o7R’). This, in turn, permits a simplifi- 
cation of the expression for correlating the weight 
trends of existing helicopter rotors. This expression 
giving the weight of the helicopter rotor group II’,,7 is 


W, = 378[0.84 HP R°V¢/(V,/R) (3 


or, when the orR?® value is known, it may be rewritten 
as 


W, = 378 [0.84 HP R°V ot x(V,/R) (3a 


where HP represents the horsepower per rotor, and V, 
is the tip speed. 

Using values of various parameters as listed in 
Table 1, as well as taking into account Eq. (3a), it is 

* Since curves referring to the 100,000-lb. aircraft would not 
contribute anything basically new, they are not shown. 

} Developed by R. H. Swan of Vertol Aircraft Corporation 
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possible to find rotor radius R which optimizes the 
helicopter PL/GW ratio for an assumed flight range, 
The results of this operation are shown in Fig. 1. 

Since rotor radius has been optimized for the maxi- 
mum pay load, it is not surprising to find that the 
helicopter designed around this criterion is under. 
powered as far as vertical flight performance is con- 
cerned and is unable to hover out of ground effect. 
Consequently, some actual ground run (or flight close 
to the ground) will be required before climb can be 
started. The required take-off runs are shown at the 
bottom of Fig. 1. 


VTOL AIRCRAFT 


In order to evaluate the pay-load penalty encoun- 
tered in VTOL aircraft, it is assumed that all aircraft 
previously designed for the optimum load carrying 
capacity are now provided with VTOL capabilities. 
It is assumed at first that the actual time in hovering is 
so short that it may be neglected. Under this assump- 
tion, the optimum solution (for the zero range condi- 
tion) will be obtained for such combination of design 
parameters of the vertical thrust generating system 
which will yield a minimum weight of the system com- 
posed of the power plant, shafting, and actual vertical 
thrust generating devices (rotors, propellers, etc.). 

In the case of the helicopter, solution to this opti- 
mization of the total vertical thrust generating system 
would consist of selecting a rotor radius which would 
assure that the sum of the weight of the rotor group, 
plus shafting, plus power plant would be a minimum. 
The optimization can easily be obtained for the assump- 
tions previously made (Table 1), using the weight for- 
mula for the rotor as given by Eq. (3a) and the well- 
known expression for the power required in hovering 
out of ground effect. 

Having optimized the engine-rotor system for hover- 
ing, the pay load vs. range for this helicopter is com- 
puted. The results are shown in Fig. 1 as a broken line. 
It can be seen that, even in the case of the helicopter, 
a pay-load penalty amounting to about 10 per cent of 
the gross weight is paid for VTOL capabilities. 

As far as fixed-wing aircraft are concerned, there is a 
great variety of possible means for providing VTOL 
performance. From this array, attention will be con- 
centrated on the tilting propeller-wing combination 
and special ‘‘short-life’’ turbojets. Selection of these 
two types has been dictated by the desire to bracket 
the study between a relatively lightly loaded vertical 
thrust generator at one extreme and that producing 
a high amount of thrust per square foot of jet exit area 
on the other. 

Assuming that four propellers are installed on both 
100,000- and 50,000-lb. gross weight airplanes, the 
propeller radii can be optimized to obtain a minimum 
weight of the propeller-plus-engine combination. In 
performing this process of optimization, an expression 
for the propeller weight similar to Eq. (3) was used: 


W prop = 748 [0.84 HP R°V0/(V;,/R) 104) (4) 
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In practice, it will probably be required that all 
propellers of VTOL aircraft be mechanically inter- 
connected in order to eliminate lift asymmetry in the 
case of one-engine failure. This necessity of inter- 
connecting shafting will obviously represent some 
penalty in pay-load capability. Assuming that the 
weight of interconnecting shafts is 0.2 Ibs./HP, pay 
load vs. range of a tilt wing-propeller type of aircraft 
has been calculated and shown as lines B in Figs. 1 and 
2. 

It can be seen from Figs. 1 and 2 that, for the 150- and 
300-m.p.h. cruising speed airplanes, the pay-load penalty 
associated with VTOL capabilities is quite high in gen- 
eral. It is, however, relatively greater for the slower 
airplane than for the faster. In order to complete the 
picture, pay-load vs. range characteristics of aircraft 
with no interconnecting shafting are also shown. It 
can be appreciated from Figs. 1 and 2 (lines A) that 
the elimination of interconnecting shafting will not sig- 
nificantly contribute to the improvement of the pay- 
load characteristics. 

Pay-load vs. range capabilities of fixed-wing aircraft 
equipped with special turbojets for take-off and land- 
ing (specific installed weight 0.12 Ibs./Ib.) is shown in 
Fig. 2 as a dashed line. In computing the pay-load vs. 
range capabilities of this scheme an allowance of addi- 
tional fuel for two-minute operation of these engines 
was incorporated. It can be seen from Fig. 2 that, for 
an extremely short time in hovering, the special turbo- 
jet scheme may become competitive with the tilt wing- 
propeller arrangement. 

Since it may be expected that, from the point of view 
of structural weight, the deflected slipstream type of 
aircraft will not be much different from that of the 
tilting wing-propeller scheme, it may be assumed that 
the trends shown in Figs. 1 and 2 represent a rough 
approximation of pay-load penalties associated with 
the vertical take-off and landing characteristics of 
both tilting propeller-wing and deflected slipstream 
type. 


Pay-LoAD IMPROVEMENTS OF VTOL AIRCRAFT WITH 
RUNNING TAKE-OFF 


Having a VTOL aircraft of given pay-load capabili- 
ties, it may be of interest to know to what extent the 
load carrying capacity may improve when operational 
conditions permit a running take-off. Under these 
circumstances, the aircraft can be overloaded above 
its VTOL gross weight, and obviously the difference 
between the overload and the normal gross weight 
may represent an almost direct gain in pay load. Fig. 
3may give some indication as to the magnitude of these 
possible gains. 

In the preparation of this figure, it was assumed that 
flow around the wing is not affected by the process of 
thrust generation. This means that total vertical force 
acting on the aircraft is simply obtained as an algebraic 
sum of lift preduced by the wing (at a given forward 
speed and at a given angle of attack) and vertical com- 
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ponent (7°, = T sin 6) of the total thrust developed by 
the thrust generator (see Fig. 3). Under the above 
assumptions, the wing would obviously remain through- 
out the whole ground run at an attitude similar to that 
of a conventional fixed-wing aircraft. As to the in- 
clination of the thrust vector, it can easily be shown 
that the ground run will be a minimum when the thrust 
vector is inclined to the horizon at an angle @ defined 
as follows: 


sin@ = T/W (5) 


where 7 is the total thrust, and W is the gross weight. 

In Fig. 3 gains in the gross weight vs: ground run 
were computed for two aircraft whose minimum flying 
speeds, with no vertical thrust component, are equal 
to 65 and 130 m.p.h. A glance at Fig. 3 clearly indi- 
cates that, for even a short take-off run, considerable 
gains in pay load may be realized. Fig. 3 also shows 
that these gains will be more spectacular for aircraft 
characterized by a lower minimum flying speed under 
the power-off condition. 

Although some assumptions made in the preparation 
of Fig. 3 (for example, independence of the flow around 
the wing from the process of thrust generation, etc.) 
can be most closely approached in such configura- 
tions as fixed-wing aircraft equipped with tilting turbo- 
jets or ducted fans, it is believed that the trend of the 
gross weight gains vs. take-off run shown by this figure 
will be applicable to all VTOL aircraft. 


IMPORTANCE OF TIME IN HOVERING 


Until now, no consideration was given to the time in 
hovering. However, this is an important factor that 
may influence the selection of the optimum design 
parameters of an aircraft. In Fig. 4 the amount of 
fuel required in 1 hour per lb. of vertical thrust is 
shown for various types of vertical thrust generator, 
ranging from conventional helicopters to turbojet 
engines. In order to correlate on a common basis rela- 
tive fuel consumption of such a great variety of thrust 
generators, the jet exit area loading has been chosen 
as an independent variable. 

The jet exit area loading is defined as the thrust di- 
vided by the cross section of the fully developed air 
stream associated with the generation of the thrust. 
It may be recalled at this point that, for the airscrew- 
type thrust generators, the ultimate jet area loading is 
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es of 


equal to twice the disc loading. This results from the 
assumption that in this case the cross-section area of the 
ultimate slipstream is equal to one half of the air- 
screw disc area. On the other hand, for such arrange- 
ments as ducted propellers and fans, as well as turbojet 
engines, the exit area of the duct—or exhaust pipe 
may be considered as the “‘jet exit area.”’ 

In order to provide some feeling as to the efficiency 
with which thermochemical energy of fuel is used in the 
process of the vertical thrust generation, a few lines 
showing the equivalent efficiency 7,, are plotted in 
Fig. 4. 
product of the overall efficiency »,, and the square root 
of the ratio of the air density in the fully developed 
slipstream of the thrust generator p; to the density of 
the ambient air p 


This equivalent efficiency is defined as the 


Neq = Noy V 6) 


The overall efficiency is defined, in turn, as the ratio 
of the ideal energy required per unit of time to gener- 
ate a given thrust to that actually released from fuel. 

It can be seen from Fig. 4 that for such fuels as 
gasoline and kerosene, with an approximate heat value 
of 19,500 B.t.u./Ibs., the equivalent efficiency of about 
15 per cent may be considered as representative for an 
extremely wide range of vertical thrust generators 
ranging from conventional helicopters to pure turbo- 
jets. 

Even a superficial examination of Fig. 4 will give 
some intuitive feeling that, for those cases where long 
time in hovering is required, vertical thrust generation 
schemes based on low jet exit area loadings should be 
used. 

However, in order to provide something more than 
an intuitive feeling with regard to the selection of a 
proper jet exit area loading for vertical thrust gener- 
ators required to operate for various times in hovering, 
Fig. 5 has been prepared. Taking as an example the 
50,000-Ib. aircraft, a very approximate trend of rela- 
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tive weight of the vertical thrust generating system 
(actual thrust generator, plus shafting, plus engine) j 
shown starting with conventional helicopter and end. 
ing with special low-weight turbojets. The fuel re 
quired for various times in hovering based on the ]; 
per cent equivalent efficiency is also shown. 

It is interesting to note the variation of the sum of 
the vertical thrust generating system weight and the 
It is ob. 
vious that the optimum solution for any given hover. 
ing time will be represented by those jet area loadings 
which would make the sum of the thrust generator and 
the fuel consumed a minimum. 


fuel required for various times in hovering.. 


A glance at Fig. 5 
would indicate that for long times in hovering, such as 
1 hour and more, the jet exit area loadings correspond- 
Then, as this 
time in hovering decreases, this optimum moves to the 
region of oversized propellers and later to ducted pro- 
pellers and fans and finally comes to pure turbojets 
which may be attractive for a very short time in hover. 
ing. 


ing to helicopter rotors are optimum. 


CONCLUSIONS 


This abbreviated study shows that the difference be- 
tween pay load of a slow or medium-speed VTOL 
transport aircraft and that of a conventional fixed- 
wing airplane optimized for the load carrying capa- 
bility may amount to 15 to 25 per cent of the gross 
weight. This is the pay-load penalty which must be 
paid for the introduction of a new degree of freedom. 

It is the opinion of this author that, in order to obtain 
a full return for the price paid in pay load by the VTOL 
aircraft, it is imperative that the VTOL capabilities 
be realized in practical operation. Therefore, the true 
VTOL aircraft should have control characteristics, as 
well as safety provisions which would permit vertical 
take-offs and landings under all operational conditions. 
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The above requirement necessitates a true hovering 
aircraft. 

It should be emphasized that pay-load capabilities 
of a true VTOL aircraft may be greatly improved when 
short running take-offs (and landings) are permitted. 

Finally, it should be pointed out that time required 
in hovering is an important factor as far as design con- 
cept of a VTOL aircraft is concerned. For long times 
required in hovering, lightly loaded vertical thrust 
generators are most suitable, while, for extremely short 
hovering times, even concepts based on the turbojet 
principle may be advantageous. 
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Hiller Helicopters 


INTRODUCTION 


Hu HELICOPTERS has long been interested in 
simpler, more efficient, higher performance ver- 
tical take-off aircraft types, including a jet-engine-lifted, 
delta-wing configuration, tested in model form in 1947, 
and a turbine-engine-powered ducted propeller type, 
on which a design study was undertaken. In addition, 
Hiller has been conducting a study of a retractable rotor 
system for the U.S. Air Force. 

However, propeller-lifted, tilt-wing vertical take- 
off and landing Propelloplanes are the primary concern 
of this paper. 

Contract Nonr-1657(00) was awarded by the Office 
of Naval Research for A Propelloplane Transport Aitr- 
craft Study. The ONR kindly permitted certain pre- 
liminary, appropriately modified information from 
this continuing study to be reported in this paper. 

But before tilt-wing aircraft are considered in greater 
detail, it is first appropriate to compare important basic 
characteristics of several possible vertical lift gener- 
ating systems. 


A COMPARISON OF HOVERING LirtT GENERATING 
SYSTEMS 


Air-breathing devices that may be considered for 
high-performance VTOL aircraft vertical lift gener- 
ation include lightweight, direct lifting turbojet or 
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ducted fan engines; ducted propellers and fans powered 
by turbine engines; lifting propellers; lifting rotors, 
which may be idled, stopped, retracted, or tilted forward 
and used as propellers in high-speed forward flight; 
and slotted and flapped wings used to deflect propeller 
slipstreams. 

Ducted propellers and fans will not be considered in 
detail because they tend to optimize toward lightweight 
turbojet or ducted fan engines. Similarly, the directed 
slipstream principle will not be further considered be- 
cause it generates vertical lift less effectively than the 
tilt-wing configuration and because the elaborate 
slotted and flapped wing required to redirect the pro- 
peller slipstream is substantially heavier than the rela- 
tively normal tilt wing. 

Fig. 1 presents the estimated characteristics of direct 
lifting, lightweight turbojets, turbine-engine-driven 
propellers, and turbine-engine-driven rotors as they 
might be applied to transport aircraft of approximately 
60,000 Ibs. gross weight: 33 small, 1,810 lbs. thrust 
turbojet engines would be used in a cluster; four eight- 
blade, dual-rotation propellers and two multiblade 
lifting rotors would be used on the tilt wing and tilt 
rotor machines, respectively. 

In Fig. 1(A), the lifting rotors are shown to lift 9 lbs./ 
b.hp., the propellers a little less than 4 Ibs./b.hp., while 
turbojets are shown to lift but 0.8 of a pound per 
equivalent shaft b.hp. These lift per b.hp. values are 
reflected in the hovering-thrust specific fuel rates of 
these lifting systems, shown in Fig. 1(C). Propeller 
and rotor lifting systems obviously consume fuel at a 
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lifting system and fuel weight, ratios. 


much lower rate under hovering conditions than do 
direct lift turbojet engines. 

Fig. 1(B) shows the weight of machinery required to 
develop a pound of hovering lift. It is noteworthy 
that at this high gross weight the propellers are esti- 
mated to be lighter in weight than lifting rotors. (The 
weights of the tail jet engines needed to provide hover- 
ing pitching and yawing control, when propellers are 
used for hovering lift, have been included in the 
weight of the propeller lifting system.) 

The lifting system weight information of Fig. 1(B 
and the fuel consumption data of Fig. 1(C) are advan- 
tageously combined in Fig. 2 to give plots of the total 
weight of the lifting systems and the fuel they use in 
hovering, as a function of required hovering duration. 
(Engine-starting fuel allowances and 
weights are not included.) 

Direct lifting turbojet engines are seen to be lightest 
for extremely short hovering durations of 3 min. or 
less. It is obvious, however, that VTOL aircraft using 
direct lifting turbojet engines will not be competitive 
in applications requiring substantial hovering times 

The propeller lifting system plus fuel weight is, in 
contrast, the lowest in the useful 3- to 10-min. hover- 
ing duration range and but little inferior to lifting rotors 
for required hovering durations of up to half an hour 

Compact propellers—with their long history of ex 
tensive service experience, well-developed manufactur- 
ing techniques, and freedom from the maintenance 
problems associated with flapping and drag hinges, etc 
thus immediately appear interesting for possible ap- 
plication to high-performance VTOL transport aircraft. 
The probable practicability of this technically inter- 
esting propeller application has, of course, been indi- 
cated by the actual flights made by the related Convair 
and Lockheed propeller-lifted VTOL, tilting fuselage 
fighters. 


reserve fuel 


PROPELLER-WING INTERACTION 


The probable practicability of propeller-lifted, tilt- 
wing VTOL Propelloplanes is also indicated by the re- 
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sults of theoretical analyses of propeller-wing interac. 
tion' and confirming NACA test results.” 

Fig. 3 presents a comparison of the theoretical re. 
quired propeller thrust and wing resultant force values 
calculated using this approximate analytical approach 
and the corresponding NACA test values, both plotted 
as functions of the propeller shaft axis and wing zero 
lift line angle of attack. 
good. 


Agreement is surprisingly 


A point of major importance is illustrated by the 
T/W required propeller thrust curve for the without. 
wing case. This curve shows how propeller thrust 
required would have to increase as the propeller axis 
was tilted forward from its 90° angle-of-attack, hover. 
ing position, if the vertical component of propeller 
thrust alone was required to carry the weight of the 
aircraft. This approximate theory indicates however 
(and the test data confirm) that, with the wing present, 
the required propeller thrust actually decreases as the 
propeller axis angle of attack is reduced from 90 

Fig. 4 presents a similar comparison of calculated and 
measured trends of power required as a function of 
propeller shaft axis angle of attack. In this figure, 
general agreement that the power required at forward 
speeds higher than zero is always less than that re- 
quired at indicated 


hovering is theoretically and 


again confirmed experimentally. The test data of 
reference 3 confirm that this conclusion would hold 
even if the propeller blade angles were excessively high 
and the propeller was being operated inefficiently over- 
loaded and was largely stalled in hovering flight. 
Theoretical studies thus indicate (and experimental 
tests of propellers—and of tilt-wing propeller com- 
at high angles of attack thus establish) 
that for tilt-wing Propelloplane in transition flight 


binations 


(1) The propeller thrust required decreases as forward 
speed is gained 
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(2) Propeller power required decreases as forward 
speed is gained 

(3) The tilt-wing is not just an obstruction, ‘in the 
way’ at high angles of attack. The tilt wing, on the 
contrary, actually contributes usefully to the lift of the 
wing-propeller system even at very high angles of 
attack approaching 90°. 


PROPELLER BLADE STRESSES 


Fig. 13 of reference 2, not reproduced herein, shows 
a maximum forward center of pressure shift of the pro- 
peller thrust of 20 per cent of the propeller radius, in 
translational flight of a wing-mounted propeller at 
high angles of attack. Resolution of this steady pro- 
peller shaft bending moment into equivalent 1P pro- 
peller blade shank section bending moments and their 
corresponding blade bending stress levels has indicated 
that the probable transition flight, vibratory stress 
levels will be acceptable. Strain-gage measurements 
support this conclusion. 


A PossIBLE LARGE TRANSPORT PROPELLOPLANE 


Studies have shown a four-propeller, 60,000-lb. gross 
weight, ramp loaded, tilt-wing, Propelloplane trans- 
port to be possible. The necessary wing pivots must, 
of course, safely carry the entire weight of the air- 
craft. But this imposes no unusual or difficult engi- 
neering requirements. These loads are actually much 
lower than those carried, for example, by the main 
propeller blade retention bearings. From an engineer- 
ing point of view, Propelloplanes pose no abnormally 
difficult detail design problems. 

Hovering yaw and pitch control would be achieved 
by directing the exhaust gases from the aft fuselage 
located turbojet engines up, down, or transversely. Any 
downward directed tail turbojet exhaust gases would 
be swept away by the deflected propeller wake flowing 
over the surface of the ground. Recirculation of the 
hot turbojet exhaust gases into the turbojet engines’ 
air intakes should thus not prove a problem. 

Each of four dual-rotation propellers would be driven 
by at least two turbine-engine power sections. Con- 
trolled hovering flight would thus be made possible 
following the failure of any one power section. Inter- 
connecting shafts—and their associated objectionable 
alignment and maintenance problems—are not re- 
quired. 

With fuselage-mounted landing gear and adequate 
propeller ground clearance available when the high 
wing is in the level position used for airplane-type 
fight, it is obvious that overload take-offs could be 
made as a normal airplane. Wing leading-edge slots 
could be used to take maximum advantage of the avail- 
able variable wing incidence. 

Forward speeds and rates of climb are typically 
several times those attainable by helicopters. The 
flexibility of operation permitted by airplane-type over- 
load take-offs would permit this type of aircraft to be 
tasily and rapidly self-ferried to any area that needs it. 


4 CALCULATED 
EXPERIMENTAL 
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Fic. 4. Variation of power required with angle of attack. 


PROPELLOPLANE ADVANTAGES 


The major advantages offered by propeller-lifted, 
tilt-wing Propelloplanes may be summarized as follows: 

(1) Propelloplanes combine the desirable hovering 
and vertical take-off and landing characteristics of 
helicopters with turbine-powered airplanes’ advantages 
of high performance, low vibration levels, and superior 
forward flight, stability, and control characteristics. 

(2) Acceptably low noise levels can be assured 
through the use of the relatively low propeller tip 
speeds appropriate for these high forward speed air- 
craft. 

(3) Minimum, easy maintenance is assured by the 
use of independent, package-type power-plant installa- 
tions and the avoidance of helicopters’ flapping and 
lag hinges, lag hinge dampers, and interconnecting shaft 
systems that are difficult to install and maintain. 


(4) Propelloplanes, with their much higher cruise 
speeds, should be able to achieve pay-load ton-mile 
operating costs substantially lower than those of heli- 
copters. This basic advantage is supplemented by the 
operating flexibility added by their ability to take off as 
an airplane with even greater useful loads.* 

(5) NACA quantitative tests of propeller tilt-wing 
combinations and the successful flight tests made with 
their free-flight tilt-wing models have amply demon- 
strated the high lifting efficiency and general technical 
feasibility of the Propelloplane concept. 


(6) The possibility exists of economically and 
promptly developing effective, efficient, high-perform- 
ance, vertical take-off transport Propelloplanes through 
the application of available gas-turbine engines and 
propellers. (This situation contrasts sharply with 
the many fundamental, time-consuming developments 
needed physically to realize other proposed VTOL 
aircraft types.) 
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Propeller to a VTOL Transport 7 
Airplane 
James A. O'Malley, Jr.* 
Bell Aircraft Corporation | 
| 


_— SINCE the time of the Wright brothers, man 
has refined and developed his flying machines. 
This paper will concentrate on some of the future de- 
sign thinking which is possible due to the success of the 
Bell VTOL air test vehicle'' and will propose the ap- 
plication of some of the principles resulting from its 
tests to a vertical take-off and landing transport. 

Long experience in the use of helicopters had con- 
vinced Bell Aircraft Corporation that vertical take- 
off capability was absolutely mandatory. Too many 
times had they found that even a few feet of ground roll 
could be too much if it was not available. The small 
sites hacked out of Korean mountain tops for heli- 
copter operation had adequately demonstrated this 
thesis. The limited space aboard ship emphasized it. 
On the other hand, it was apparent to our designers 
that at times there were advantages in being able to 
execute a short ground roll for take-off. Distances 
of 200-300 ft. were not prohibitive in many situations, 
and the use of such distances greatly increased the load 
with which the airplane could get into the air. The 
answer was almost obvious. Design the airplane so 
that it had the VTOL capability but also so that it 
could take advantage of the existence of short take-off 
strips for overloaded take-off. The practical ex- 
ploitation of this scheme dictated the use of a hori- 
zontal fuselage attitude on the airplane with a conven- 
tional-type landing gear which could be used for 
arunning STOL. 


* Project Aerodynamicist. 


1956 


Considering the general field, it appeared that a re. 
quirement might be developed for a VTOL airplane 
with characteristics lying somewhere between the 
helicopter and the jet VTOL. In order to examine 
such a requirement, it was desired to obtain a cop. 
figuration which would have a vertical take-off anq 
landing capability, a much better subsonic cruise speed 
than the helicopter, and better hovering efficiency thay 
the jet-powered VTOL. Examining various methods 
of designing such a vehicle, Bell became interested jn 
the ducted propeller because of its high static thrust and 
low fuel consumption. 


If hovering efficiency is designated as a parameter 
roughly equivalent to thrust divided by fuel consump. 
tion, a comparison of hovering efficiency versus ve. 
locity capability would show a natural spread of 
VTOL types. The helicopter would be selected to 
represent a 100 per cent hovering efficiency. In gen- 
eral, its speed is limited to about 150 m.p.h. Slightly 
below the helicopter, at about 90 per cent hovering 
efficiency, a rotor-type convertiplane may be visualized 
showing a speed capability of 250-300 m.p.h. At 
the bottom of the spectrum, since they must support 
the airplane on pure jet thrust, the jet-propelled VTOL 
airplanes show a hovering efficiency of about 5 and 
2 1/2 per cent. They are the best airplanes in terms 
of speed, however, the nonafterburning jet showing a 
speed capability of from 500-700 m.p.h. 


The afterburning jet VTOL shows a speed capability 
extending well into the supersonic flight regime where 
it becomes closely competitive with projected fighter 
airplanes. In between, we would plot the character- 
istics of a hypothetical ducted propeller which was 
selected for its high static thrust potential. Since 
the ducted propeller converts shaft horsepower into 
thrust and the turboprop engine has a lower specific 
fuel consumption than the jet engine, it is possible to 
obtain about 40 per cent of the hovering efficiency of 
the helicopter. The ducted propeller has a_ speed 
range which can be extended easily up to 500 m.p.h. 
and satisfactorily fills the needed area in the spectrum 
of hovering efficiency and velocities of 300-500 m.p.h. 


It may be asked why a bare propeller is not used to 
fill the same area. The ducted propeller appears ideally 
suited to the concept of the horizontal-attitude VTOL 
transport airplane from several aspects. Many in- 
vestigators including Kucheman,! Weber,‘ and Kruger’ 
in Germany, Platt’ and Hubbard’ of the United 
States, and Scholes and Patterson®* of Australia 
have looked at ducted propellers over the years. It is 
generally agreed that the addition of a shroud to the 
propeller results in at least a 25 per cent increase in 
static thrust for a propeller of fixed diameter and fixed 
power input. This increase in static thrust was of some 
interest to investigators of conventional airplanes but 
was usually passed over in favor of a bare propeller 
with a higher diameter in line with the lack of emphasis 
on static thrust. In addition to the static thrust, the 
shroud causes a reduction of the velocity effect on the 
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propeller as the airplane moves from static conditions 
to high-speed flight. This has been considered, at 
times, as a possible means to simplify propeller systems 
by eliminating the necessity for variable pitch angle. 
The shrouded propeller can be designed to a higher 
rp.m., thereby saving weight of gearing. Use of the 
shroud in a VTOL airplane is also valuable from the 
point of view of stability and control during hovering 
and transition flight. The extreme yaw angle effects 
on an open propeller blade are avoided by providing a 
faired inlet and ducting to allow a uniform channel for 
airflow into the propeller. Since the high yaw angle 
effects on the propeller can cause aerodynamic forces 
which will complicate the stability of the configuration 
during transition, it was judged advisable to avoid this 
situation. The use of the shroud around the propeller 
approaches the aerodynamic cleanliness typified by a 
jet source and presents advantages in still another 
field of interest—noise level. NACA experiments on 
shrouded propellers have indicated that the noise re- 
sulting from a propeller may be reduced by nearly 50 
per cent through the use of a shroud.’ This is a con- 
sideration which will become extremely important if a 
commercial transport application is considered. The 
advantages of a good structural arrangement for rotat- 
ing the propeller and the safety features embodied in 
wrapping a shield around the rotating propellers are 
also worthy of note. Although it may appear that a 
shroud would add weight to the installation, it must be 
remembered that a bare propeller used on a horizontal- 
attitude VTOL usually requires long landing gear, 
extensive flap arrangements, or tiltable wings which 
also tend to increase weight and complexity. 

The approach to this application of a ducted pro- 
peller involves using the shroud to reduce propeller 
diameters while maintaining a_ thrust-to-horsepower 
ratio of 3 to 5. This thrust-to-horsepower ratio can be 
obtained with a relatively high pressure ratio ducted 
propeller. The shrouding arrangement is visualized* 
as consisting of a duct which has a 1/d of from 0.5 to 
1.0. This scheme has used a multiblade rotor carrying 
perhaps 15 to 20 fixed blades. 


A turboprop engine 
has been considered. 


Controllable guide vanes have 
been suggested to provide the variable geometry neces- 
sary for the range of 0 to 500 m.p.h. A stator section 
will probably be necessary to eliminate the swirl. 

The duct arrangement must meet two considerations. 
In order to provide a useful increase in static thrust, a 
large-radius, bell-mouth inlet is deemed necessary, 
while the level flight condition requires the drag of the 
ducting to be minimized. At first glance these re- 
quirements appear to be incompatible, but a solution 
is possible with a compromise design which uses a series 
of extensible flaps to provide a large-radius inlet condi- 
tion at take-off. Kruger’ performed a series of tests in 
Germany during the early 1940's which indicated that 
such an arrangement could be used with success. These 
tests suggest that a retractable flap, which permits a 
simulated bell mouth at take-off and a low drag nacelle 
at flight speeds, would provide the benefits of the 


Fic. 1. Ducted propeller transport. 


shrouded propeller in a high subsonic speed VTOL 
airplane. 

With this definition of a ducted propeller type, it is 
possible to design preliminary arrangements which 
offer an interesting vehicle. Using the transport ap- 
plication, a typical concept is shown in Fig. 1. The 
airplane is arranged to mount two shrouded pro- 
pellers at the wing tips. The shrouds enclose about 
11-ft. diameter, multiblade propellers of the type sug- 
gested. Retractable take-off flaps have been provided 
for high static thrust. Each shroud is rotatable 
through about 100° from horizontal. The engines are 
interconnected to all of the propellers and can be 
visualized as using mechanical shafting. The airplane 
was designed to weigh 35,000 Ibs. and has a wing span 
of 83 ft. and an overall length of 55 ft. It is capable of 
lifting a payload of 4,000 Ibs. in a vertical take-off and 
transitioning to level flight, or it can use an STOL to 
carry an overload in a running take-off. 

It can be powered with a choice of currently avail- 
able turboprop engines providing about 12,000 hp. 
In the vertical take-off condition, the flaps on the 
shroud are extended and the engines are rotated to the 
vertical or 90° condition. A thrust of 42,000 Ibs. was 
considered available for take-off. This would permit a 
transition to level flight in about 35 sec. 

Controls for the hovering condition, where the lack 
of airflow over standard aerodynamic surfaces prevents 
them from being used, is obtained with a combination 
of reaction control and spoilers located in the propeller 
ducts. Most turboprop engines have a residual thrust 
which is discharged through the engine nozzle. This is 
available in level flight for use as an additional thrust 
increment. In hovering flight, this same discharge 
air can be ducted aft to the tail and discharged through 
a variable-direction nozzle to obtain a pitch or a yaw 
control motion. This system will do little more than 
add a swiveling nozzle to the required tailpipe which is 
provided for the éxhaust gases. Roll control during 
hovering could also be obtained with reaction controls, 
but a more attractive approach appears to be the use of 
spoiler controls in the prop ducts themselves. Plates, 
eyelids, or scissor-type flaps may be extended to reduce 


_ 
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the available exit area of the duct and hence vary the 
thrust of one of the shrouds. A system of this type 
would not be adversely influenced by the lack of air- 
flow at the hovering condition. 

From the performance standpoint, Bell felt that the 
airplane could follow a flight path made up of a vertical 
rise to a nominal altitude, followed by a translation 
from this position to the horizontal flight condition.! 
The general type of flight path is similar to that al- 
ready used on the Bell test vehicle’. 
representation is shown in Fig. 2. The translation 


A schematic 


could be accomplished either by pitching the airplane 
nose down slightly or by rotating the engines. In 
both cases, the wing was maintained at an angle of 
attack less than stall angle as speed was increased. 
The gradual rotation of the shrouds provides the cosine 
component of thrust for lifting and the sine component 
for accelerations. A fixed rate of 15°/sec. shroud rota- 
tion was selected, and the pilot was given manual con- 
trol of the time the rotation was applied. This, in 
effect, would give him the opportunity to apply rota- 
tion at various rates. The influence of the vertical rise 
velocity on the take-off path was investigated, and it 
became apparent that a nominal positive velocity 
would be satisfactory. Since the wing was at 90° 
angle of attack during this portion of the flight, it was 
advantageous to keep the velocity as low as possible. 
A 5 ft. per sec. velocity has been considered in this 
application. In the case of the air test vehicle, it was 
determined that the airplane, using the jet engine with 
its high fuel consumption, could actually be loaded up 
to the condition where thrust was equal to the weight 
and the rate of fuel consumption would permit the 
build-up to 5 ft. per sec. within a few seconds. The 
use of a negligibly small positive thrust margin at start 
of take-off permitted positive break-ground character- 
istics. Since this high loading permits the addition of 
more fuel, it is generally advisable to be loaded to this 
condition. 

In the case of the ducted propeller transport airplane, 
this situation is somewhat changed. One of the rea- 
sons for the selection of the turboprop installation was 
a low fuel consumption. Therefore, a positive break- 
ground and build-up to 5 ft. per sec. velocity would be 


best obtained with a positive thrust of about 1.03 times 
the weight. 

The landing path is visualized as a normal gliding 
approach at reduced power. As the airplane nears 
aerodynamic stall speed, the shrouds are rotated to a 
100° position where power is applied. The build-up 
to full thrust unloads the wing and decelerates the air- 
plane to hovering. Power is then reduced, and q 
vertical landing is made. 

The airplane concept which has been used as an illus- 
tration would have a maximum speed capability of 
430 m.p.h. A sample cruise calculation, based on a 
range plus a 60-min. hovering time, indicates that it 
would carry a pay load of 4,000 Ibs. a distance of 58] 
miles at 250 m.p.h. and 3,000 ft. altitude. If it was 
desired to operate at higher altitudes, the range would 
be increased to 810 miles at 20,000 ft. The hovering 
capability of this airplane would be moderately good. 
A capability of 108 min. hovering time is available with 
standard pay load and zero range. At the range of 
810 miles, 60 min. of hovering would be available. 

Operation of the transport as an STOL airplane is 
considered an available secondary mission. Using a 
400-ft. ground run distance and adding 3,500 Ibs. of 
fuel to overload the airplane would increase the range 
with 60 min. hovering from 581 to 1,111 miles at 3,000 
ft. Of course, the 400-ft. ground roll would also permit 
an increase of about 3,500 Ibs. in pay load if the basic 
range figure was maintained. 

Experience with the jet-propelled VTOL test vehicle 
indicates that the VTOL airplane needs only slightly 
more space for landing than the span of its wings. In 
the commercial sense, the airplane could be visualized 
in downtown areas for transport from business centers 
to long distance air lines. The air coordinating com- 
mittee of the Air Transport Association in its study of 
the convertiplane gave some interesting statistics on 
the possibilities of this market. 


Fig. 3, taken from 
reference 10, shows a comparison of the timesaving 
available if a vertical take-off transport is compared 
with a fixed-wing airplane in short hauls. Even ata 
200-m.p.h. cruise speed, the VTOL provides a substan- 
tial saving over a 259-m.p.h. fixed-wing airplane at 
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cruise distances up to 600 miles. A VTOL with an 
equivalent cruise speed to the fixed wing increases this 
saving. The ducted propeller VTOL should be able 
to show cruise speeds of 300 m.p.h. with little difficulty. 

The military utility of such a device is evident when 
it is considered that close aerial support of front line 
troops would be available to the commanders in the 
field. Supply transports would be able to move 
stores quickly up to the front line units. Troops could 
be shifted easily and quickly from one sector to another. 
The mobile army would be an established fact. We 
are sure that further research and design study can 
establish satisfactory types for a variety of missions. 

The concept of the ducted propeller transport has 
been presented with a minimum of discussion on the 
VTOL performance, stability, and control problems. 
These fields of technical knowledge are basically 
derived from the work on the jet-propelled VTOL air 
test vehicle. Possible solutions for the transport 
application are best visualized by a review of the 
experimental flight tests conducted with this Air test 
vehicle." 

The success of these experiments in VTOL stability, 
control, and performance are best understood by con- 
sidering the flight tests which were accomplished with 
this airplane. These tests evaluated the ground e‘Tects 
of the airplane, the hovering performance, the ability 
to translate from the hovering condition to a forward 
motion, and the eect of rotating the engines while in 
level flight and decelerating to speeds below the stall 
condition. Since this airplane was a test vehicle—a 
working model to sample the idea—it was not con- 
sidered necessary to continue the testing beyond the 
point where the concept had been established. With 
the information obtained on hovering and translational 
flight, it was considered logical to conclude that a jet- 
propelled airplane of the horizontal-attitude type could 
hover, could transition into forward flight, could use a 
rotating thrust vector to accomplish the transition, and 
could be built from the present state of the art without 
requiring additional basic research. 


The success of this test airplane set the stage for 
many practical applications of the VTOL principle. 
The jet applications are fairly obvious. In studying 
the needs and requirements of short-haul transports, 
the ducted propeller application has appeared increas- 
ingly attractive. A useful speed range, a vertical take- 
off, and a moderately efficient hovering capability are 
the basic ingredients which make this configuration 
attractive. Having obtained a vertical take-off capa- 
bility and a moderate hovering efficiency, the vehicle 
is useful in direct proportion to the speed with which it 
can travel. 


From this standpoint, the ducted propeller VTOL 
airplanes are worthy contenders for that area of the 
spectrum which lies between the helicopter and the 
jet VTOL. 
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is 


A review of the noise fatigue problem discussed in four parts: 


response 


of systems to various types of inpuls, near field characteristics of 
various noise sources, vibration modes, and fatigue. Emphasis is on concepts 
and orders of magnitude. 


Noise, Vibration, and Aircraft Structures’ 


INTRODUCTION 


VER SINCE multiengined aircraft have been in 
E general use, there has been the problem of making 
the structural areas near the propellers and jets suf- 
The 
much larger power plants becoming available have 
greatly aggravated the problem of noise fatigue to the 


ficiently strong to avoid fatigue due to noise 


extent that noise damage is becoming an important 


consideration in the determination of aircraft 
figurations. 

A rough idea of magnitudes of the sound pressures 
that are of current interest is illustrated in Fig. 1. The 
range of pressures is expressed as decibels and as 
Gun_ blast are 
included in this figure because they represent experi 
ence with pressures of a different order of magnitude but 
one which is being approached by some of our modern 
propulsive systems. Pressure fluctuations in the order 


of 180 db. or 1/4 atmosphere are produced near pres- 


con 


younds per square foot. yressures 
I 


ent propulsive systems and on aerodynamic surfaces 
subjected to shock buffeting. 

Most aircraft skins and secondary structures will 
show fatigue damage after many cycles, when sub- 
jected to pressures ranging from 140 to 150 db., and 
permanent set or rupture after short exposure to 1S0 db. 


INPUT-OUTPUT RELATIONS 


In this paper the inputs considered are the noise 
pressure loadings; the outputs are the stresses in the 
structure. Noise inputs may be divided into three 
general classes: (1) discrete frequency—for example, 
propellers; (2) random frequency, as from jets; and 
(3) impulsive, as from gun blast or starting of rockets. 

Presented at the Aircraft Noise Session, 24th Annual Meeting, 
IAS, N.Y., Jan. 23-26, 1956. 

* For additional illustrations and descriptive text, see 
Preprint No. 631. 
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Discrete Frequency Input 


An example of the significant input-output relations 
for a discrete frequency input is shown in Fig. 2. 
Most discrete frequency sources do not produce a pure 
tone of single frequency, but one rich in harmonics. 
As illustrated at the top of the figure, the pressure 
amplitude of each frequency component is indicated 
by the height of the bar at that frequency. The 
admittance of the structure is illustrated in the second 
graph. This is often referred to as the response curve; 
the peaks in the curve correspond to the various reso- 
The height of the admittance 
curve at any frequency relative to its value at zero 


nances in the system. 
frequency is the dynamic amplification. This dynamic 
The 
admittance may be considered as the stress at a par- 


amplification may go as high as 50 or more. 


ticular point in the structure per unit pressure applied 
at the input point or area. The output is the product 
of input and the admittance. It, too, is a line spec- 
trum for, if the system is linear, it can vibrate only at 
the frequencies at which it is forced by the input. 
The magnitude of the stress at a given frequency 
depends on both the input and the admittance, and 
from a practical standpoint much can be done to mini- 
mize stresses by changing both the input and the 
admittance. 


Random Inputs 


In considering the response to random frequency 
inputs, one deals entirely in probabilities. A_ classic 
problem along these lines was worked out by Lord 
Rayleigh. 

Recently there has been considerable activity in the 
application of statistical properties of random functions 
to such problems as gust response, buffeting, and re- 
sponse to random noise.** This type of analysis is 
usually referred to as generalized harmonic analysis, 
and some of its concepts are illustrated in Fig. 3. 
There is considerable similarity between this figure and 
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rure and 


the preceding one. One of the differences is that now 
one deals in squares of the quantities—that is, one 
might consider that the problem is cast in terms of 
energy rather than in terms of force or pressure. The 
input expressed as pressure squared per unit band 
width varies only gradually with frequency, having all 
frequencies present. The output also has all frequen- 
cies present. The value of the mean-square stress is 
given by the area under the output curve. 

Contrary to the case of discrete inputs, for random 
inputs small changes in the shape of the input spectrum 
or in the admittance curves have only secondary effect 
on the area under the output curve—the mean-square 
stress. Damping reduces the stresses—i.e., directly 
as the square root of the damping. However, the 
problem of obtaining damping materials and devices 
to withstand the high noise levels encountered has not 
been satisfactorily solved. 

As was discussed with respect to Fig. 2, Fig. 3 might 
be considered the stress at a point due to a random load 
at another point. In order to find the total stress at 
this point, one should know the loads at other points 
of the structure, the pertinent admittance curves, the 
phases of the admittance, and the space-time correla- 
tions of the input. 


Impulsive or Blast Loading 


Impulsive loadings are applied to aircraft structures 
by gun blasts, rocket ignition, shock waves from other 
aircraft such as sonic booms, and blasts from bombs or 
warheads.* © Some of the characteristics of impulsive 
loading and the response of the structure are shown in 
Fig. 4. This information is taken from reference 4, 
which gives a comprehensive treatment on structural 
damage due to gun blasts. The upper left-hand part 
of the figure illustrates a typical time history of a 
blast: a positive phase having a peak pressure by 
P, and then a negative phase of longer duration but 
lower peak value. The lower left illustrates a smoothed 
curve of the strain at a point in the panel. This shows 
that the response of the panel is a damped oscillatory 
transient of a period usually corresponding to a funda- 
mental frequency of the panel. 
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Fic. 1. Levels of noise loading on aircraft structures. 
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Fic. 2. Input-output relations for systems subjected to discrete 
frequency loading. 


The dynamic amplification of the panel is illustrated 
on the right side of the figure as function of the ratio 
T/r. The dynamic amplification is defined as the 
ratio of the maximum vibratory stress at the first posi- 
tive peak (A) to the stress the plate would have if the 
peak positive blast pressure Py) were applied as a static 
pressure. The lower curve refers to the negative peak 
stress relative to the same pressure P». , 


NEAR FIELD NOISE 


The noise of most aircraft sources is usually different 
in frequency content, and varies differently with speed, 
for a point near the source as compared with a point a 
few wave lengths from the source. This is principally 
due to two things: (1) aircraft sources are usually 
distributed; and (2) the various pressure components 
decrease with different power of the distance. 

To illustrate the first point, the sounds one hears in 
the percussion section of an orchestra are different from 
those one hears in the violin section, and they are still 
different from the sounds one hears at a choice seat in 
the auditorium. In a similar manner, the noise very 
near a jet nozzle is different from that very near the jet 
farther downstream where large-scale turbulent mixing 
occurs—and it is still different some distance away 
where one obtains the integrated effect of all regions of 
the jet.® 

The second reason for differences between near and 
far fields lies in the fact that a large portion of the pres- 
sures at the source are balanced by the inertia of the 
fluid and are not radiated as compression waves in the 
fluid. Thus, for a dipole source (source-sink) much of 
the pressure field varies as the inverse square of the 
distance, whereas the radiation pressures vary as the 
inverse first power of the distance from the source. 
For a double dipole or quadrupole, the pressure varies as 
inverse distance cubed and squared, as well as the 
inverse distance for the radiation pressure.’ 


Propellers 


Some practical implications of these factors are 
illustrated in Fig. 5 which compares the pressure varia- 
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tion with propeller tip speed at distances in the order 
of 1/10 diameter from the propeller tip with those one 
might expect a few diameters or more from the pro- 
peller.* A word of caution needs to be said with respect 
to the ordinates in this two-part figure. The near 
field pressures are plotted to a different scale and are 
much higher than the far field pressures. The symbol 
1 for the fundamental, 
B is number of blades. 
Thus, 7B = 2, 4, 6 may be construed as the funda- 
mental frequency of a two-, four-, or six-blade pro- 
peller or the first three harmonics of a two-blade pro- 
The main point of interest is that for constant 
power, at several diameters from the propellers (far 
field), the pressures rise rapidly with increasing tip 
speed, whereas very near the propeller, the pressures 
may increase or decrease with tip speed depending on 
the value of mB. 


mis the order of the harmonic 
9 for the second harmonic, etc. 


peller. 


Jets 


Some near and far field comparisons for the noise from 
model jets’ are shown in Fig. 6. Here is plotted the 
exponent of the jet velocity (which relates the noise 
energy to the velocity) as function of the distance to 
the nozzle. The direction of the field point is 90° 
with respect to the jet axis. Far from the nozzle, the 
noise energy varies as the eighth power of the velocity, 
as predicted by theory.” However, near the nozzle, 
the noise energy (specifically p*/pc) varies only as the 
third power of velocity. (See also reference 11.) 
Thus, the noise pressures near a jet will vary less 
drastically with velocity than they do at some distance 
away from the jet. 

Further discussion of the near field pressures from 
jets and the turbulence in jets may be found in refer- 
ences 6 and 9 to 18. Currently there is considerable 
interest in the space-time correlation for near field jet 
noise, and work along these lines is proceeding at the 
NACA. 


Aerodynamic Noise and Buffeting 


There are reasons to believe that, for jet aircraft at 
high-flight speeds, the principal source of structural 
excitation will be that due to aerodynamic noise and 
buffeting. How serious this problem may become at 
transonic and supersonic speeds has not been deter- 
mined. Cases of structural failures are known to have 
occurred in regions of flow separation, such as behind 
spoilers and wing fuselage junctures. 

Some values of the pressure fluctuations in the bound- 
ary layer of subsonic aircraft are presented in refer- 
ence 19. These values were obtained by correcting 
sound reading in the aircraft for wall transmissibility. 


VIBRATION RESPONSES 


The effect of vibration mode shape on the response of 
a structure to a plane wave of sound is illustrated in 
Fig.7. It represents the case of a plane wave traveling 
Perpendicular to a beam on simple supports. For 


the noise to do work on the structure, the pressure 
must have a component in phase with the velocity of 
the structure. In the fundamental mode, all parts of 
the structure are moving in the same phase, and a maxi- 
mum energy can be absorbed. In the second mode, 
half of the structure is moving out of phase with respect 
to the other half, and no energy is absorbed. The 
plane wave cannot excite this vibration mode. In the 
third mode, two loops cancel each other, and the struc- 
ture can absorb only one third the energy it would if 
all were moving in phase. In general, one might expect 
less and less response with increasing order of vibration 
mode, when the excitation is a plane wave in phase over 
the area. However, when the noise is not in phase 
over the structure, one may well have conditions in 
which maximum stresses occurred in some higher vibra- 
tion mode. 


One of the questions that is often raised with regard 
to the response of aircraft structures is: ‘‘How impor- 
tant is air damping as compared with structural damp- 
ing?’ Some theoretical studies made for various modes 
of vibration of cylinders are presented in references 20 
and 21. The case of panels, pistons, and numerous 
other shapes is treated in standard acoustic books such 
as reference 22. An application of this analysis to air- 
craft structures shows that, because of three-dimen- 
sional effects, the reaction of the air on the structure is 
mainly as an added mass and that the radiation damp- 
ing is usually negligible. This is contrary to what one 
would expect from plane wave acoustics, in which all 
the air reaction results in radiation damping. 


When subjecting a complex aircraft structure—such 
as a cylindrical fuselage—to random noise, many 
vibration modes are excited to some extent, and, 
by making a narrow band frequency analysis of a 
strain-gage recording, many modes can be identified. 
So far we have not been able te predict which 
modes will produce the highest stresses. It had 
generally been thought that only the lowest modes 
were iinportant from a stress standpoint; yet when 
we extend the frequency range of our recording 
equipment to higher frequencies, we find more of the 
larger stresses at the higher frequencies. What part 
these higher frequencies may play in fatigue has not 
been determined. 


FATIGUE 


The field of fatigue is an extremely old field of 
research, yet, in spite of its age, one can talk of result 
only in terms of probabilities and wide scatter bands. 
This is true because microscopic variations in a speci- 
men may have a profound effect on its fatigue life. 
Results of noise fatigue generally follow in the same 
pattern, and it is not yet clear what the new elements in 
the problem are. Some recent review papers giving 
the findings and philosophies in the aircraft fatigue 
field are listed in references 23 to 26. 

Although a considerable amount of information 
undoubtedly exists on noise fatigue and fixes, there has 
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been little published on this subject. Perhaps one of 
the most systematic studies along these lines was made 
by The Glenn L. Martin Company with regard to sea- 
plane hull plating fatigue.” Another reference on 
noise fatigue is the work of Northrop Aircraft, Inc.®; 
gun blast damage is discussed in reference 4 rhe 
Boeing Airplane Company has done extensive work in 
noise fatigue, and some of the techniques they have 
pioneered are being used at other laboratories. 

From a perusal of these references, one is struck 
by the fact that stress raisers have little effect on ulti- 
mate strength but a large effect on fatigue. 

In order to study some of the variables in the problem 
of fatigue due to noise, the Langley Laboratory of the 
NACA has recently tested a number of panels with an 
intense noise of discrete frequency produced by an air 


chopper. The test setup is similar to that used by the 
Boeing Company. An illustration of a fatigue failure 
obtained on a flat panel*® (11 by 13 by 0.032 in. 2024T3 


Alclad) is shown in Fig. 8. The panel was fastened to a 
rigid frame with round-head screws. By ooking closely 
at the picture, one can see the fatigue damage in various 
stages of progress, from the incipient cracks around the 
This 
latter is a characteristic of noise damage if the tests are 


rivets to large pieces blown out of the panel 
not terminated soon enough. 


CONCLUSIONS 


We have presented a brief review of the problem of 
noise, vibration, and aircraft structures. One finds 
many complications of such dimension that it is doubt- 
ful whether predicting noise fatigue will ever become 
possible to better than an order of magnitude. From 
a study of the input-output relations, one can often 
obtain valuable guidance for obtaining fixes to specific 
problems. For simple panels some success at stress 
prediction in random noise fields has been obtained.’ 

Although some progress has been made, the field has 
hardly been explored. Much 


needed on the magnitude, phases, and various correla- 


more information is 


tions of the inputs of near field noise, particularly for 
the random sources. Information is needed on the 
response of structures and the critical stress areas for 
each mode of response, and, lastly, a great deal of 
information is needed on the fatigue of skin structure 
and its supports when subjected to the type of loading 
imposed by noise. 
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Prediction of Downwash at Various Angles of Attack... 


(Continued from page 27) 


ever, is capable of extension to flaps-down configu- 
rations. It is recognized that each of such configuration 
features as the fuselage, nacelles, fences, and slats has 
an influence on the downwash angle and must be con- 
sidered before a configuration may be finalized. The 
wing, however, remains the primary element of the 
configuration which influences the downwash at the 
tail. 


CONCLUSION 
The procedure outlined in this paper appears to be 
well adapted to predicting the downwash at the hori- 
zontal tail during preliminary design studies. The 
prediction of the nonlinear downwash characteristics 
was good for the cases investigated, and the method 
requires relatively little time and effort. 
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IAS News 


(Continued from page 135) 


Bruno J. Salvadori (M), 
Executive Chief Engineer of Bellanca 
Aircraft Corporation, has joined the 
staff of All American Engineering Com- 
pany, Wilmington, Del. 


formerly 


Arthur Schnitt (M) has been promoted 
to Chief of Structures, Bell Aircraft Cor- 
poration. He formerly Assistant 
Chief. 

William T. Shuler (M) has been ap- 
pointed Structural Analysis Engineer of 
the Georgia Division of Lockheed Air- 
craft Corporation. He came to Lockheed 
from Headquarters, USAF, Washington, 
D.C., where he had been responsible for 
operations analysis of employment of 
tactical missiles weapon systems and gen- 
eral air-frame and aerodynamics consult- 
ing activities. 


was 


Reuben P. Snodgrass (TM) has been 


appointed Director of Flight Research 
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of the Sperry Gyroscope Company Divi- 
sion Sperry Rand Corporation. He 
was rmerly Engineering Department 


Head for Flight Research 
Don D. Warner (M 


has been appointed 


Chief of Structures, Northrop Aircraft, 
Inc He was formerly Structures Super- 
V1SOI 

Omer Welling (AF) has been promoted 
to Deputy Director of the Office of Avi- 


ation Safety, Civil Aeronautics Adminis- 


tration, U.S. Department of Commerce, 
Washington, D.C. With the CAA since 
193¢ was formerly Chief of its Aircraft 
Engineering Division in Kansas City, Mo 


Robert M. Williams (M) has joined 
Embry-Riddle International School of 
Aviati Miami, Fla., as Director of 
Engineering. He was formerly Head of 


the Dynamics and Fatigue Section, Engi- 
neering Test Laboratory, Lockheed Air- 
craft Corporation, Marietta, Ga 


Arthur J. Williamson (M), 


formerly 


Vice-President, has been elected Execu- 
tive Vice-President of the Tube Reducing 
Corporation, Wallington, N.J. 


CORPORATE 


EMBER NEWS 


e Airborne Accessories Corporation an- 
nounces two new linear the 
R-5140 and R-5160 They oper- 
ate on 26 volts d.c. 

e Aluminum Company of America will in- 
stall a 14,000-ton extrusion press in its 
Lafayette (Ind.) works at a cost of $9,- 
000,000, the company announced. An 
identical press, owned by the Air Force, 
has been in operation in the same plant 
since 1954. The new press, which will be 
ready for operation early in 1959, will be 
used to make ribbed wing sections, wing 
spars, rotor blades for large helicopters, 
and structural shapes up to 110 ft. in 
length and weighing up to 2,500 Ibs. In 
the same Alcoa plant is a mammoth 
“stretcher” with a pulling force of 3,- 
000,000 Ibs. This machine straightens the 
big extrusions and_ relieves internal 
stresses. 

e American Phenolic Corporation has 
changed its name to Amphenol Electronics 
Corporation. The Directors of the Chi- 
cago electronics firm recently promoted 
Rodolfo M. Soria to 
charge of Engineering. 
e Beech Aircraft Corporation...A test 
quantity of the XKDB-1 target plane has 
been delivered to the Navy, and the all- 
metal drone is now undergoing flight eval- 
uation tests at the Naval Air Missile Test 
Center, Point Mugu, Calif. The remote- 
controlled, pilotless aircraft has a 12-ft. 
wing span and weighs 600 lbs. Capable of 
flying 320 m.p.h., it can stay above 30,000 
ft. for an hour. For visual identification, 
it leaves a smoky trail. The drone is re- 
covered by parachute for repeated use as a 
target. 

Bendix Aviation Corporation... A new 
series of waterproof. shock-resistant elec- 


actuators, 
series. 


Vice-President in 


trical connectors with five assembly styles 
introduced by the Scintilla Di- 
vision, Sidney, N.Y. 
nated QWL, is being used with multi- 
conduct 


has been 


This series, desig- 


cable on launching equipment 
for missiles, ground radar units, and on 


heavy construction and oil-field equipment 


@ The Cleveland Pneumatic Tool Com- 


pany... The National Water Lift Com- 
pany, a Division in Kalamazoo, Mich., has 
doubled its test facilities for research and 
development in the field of high-tempera- 
ture raulic operation. New equip 
ment duplicates the high-temperature con- 
ditions untered in subsonic and super 
sonic jet and rocket flight. 

e@ Cornell Aeronautical Laboratory, Inc. 
.-» The large wind tunnel at C.A.L. is 
shut down for 3 months this summer while 
new equipment is being installed and fur- 
ther alterations are being made under a 
$2,000,000 modification program. When 
the tunnel is reopened late this year, it will 
have an &- by 8-ft. transonic test section 
capable yperating at all speeds up to 
Mach C.A.L. is engaged in a 
study of iust contrails for the Office 
of Nav Research and the Bureau of 
Aeronautics. The program is directed 
primarily at the development of refined 
criteria which contrail forecasting can 
be based A study of the strength char- 


acteristics of titanium at elevated tempera- 
tures has been undertaken for Boeing Air 
plane Company....C.A.L. will conduct a 
vear’s study of long-distance transmission 
of UHF radio signals for the Electronics 
Research Directorate of the Air Force 
Cambridge Research Center. With a 
transmitting station and a receiving sta- 
tion 395 miles apart, the Laboratory scien- 
tists will attempt to prove that reliable 
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transmission can be attained by troy 
spheric scattering, which propagates 


small part of the signals beyond the line. 
sight horizou, and by capturing the sigy 
beyond the horizon with large anten 
and very 
C.A.L. is assisting the Airborne Inst 
ments Laboratory, Inc., in a long-raq 
study of aircraft and air traffic cont 
for the federal Government's Air Facilit 
Planning Committee. The study y 
cover civil and military planes that 
expected to be in use during the next 
years. 

e Curtiss-Wright Corporation... T7 
Electronics Division, Carlstadt, N.J., 
placed on the market the Radiameter, 
lightweight instrument which detects a 
measures potentialiy ator 
radiation in industry or X-rays in meq 
cine. The unit weighs 2 lbs 


sensitive radio receivers, 


nhaZaraous 


, its in a lar 
pt cket or a carry ing case, und operates 
a flashlight battery. It meets the 
quirements of the health physicist, a ne 
type of scientist who directs the safe appl 
cation of nuclear and X-radiation. Th 
Radiameter may be used for periodicallf 
monitoring installations and X-ray mg 
chines to assure the safety of personnel, 

© Douglas Aircraft Company, Inc. ... Th 
carrier-based F5D Skylancer, which mad 

its first flight April 21, has passed the speed 

of sound in subsequent test flights q 7? 
Edwards Air Force Base, according to I 
official announcement. The all-weather 
fighter, designed for catapult take-off, j } 
powered by a Pratt & Whitney J57 vata 
jet engine with afterburner 


o = 


Delivering 
the last of 670 AD-5’s to the Navy re 
cently, Douglas announced that it ial E 
built more than 3,000 planes of the carrier: 
based Skyraider (AD) series since 1948 
The AD-6 and AD-7 versions are still being 
manufactured at El Segundo.... Theo 
Douglas DC-7C air liner received its ait-of , 
worthiness certificate on May 17 and is 
already being used in intere ntinentallthe 
cor 


service. The 350-in.p.h. transport carries 
from 48 to 105 passengers and has a range 
of 5,000 miles—sufficient to permit non|the 
stop crossings of the North Atlantic inj]. 
either direction....The Charlotte Ord- 
nance Missile Plant in Charlotte, N.C., has} He 
been opened as the fifth division of Douglas}, 
Aircraft Company, Inc. int 


e The Dow Chemical Company... Pro-} de 
duction at the magnesium rolling mill in H 
Madison, Ill, has been increased nearly} 
one third over the 1955 figure as a result of be 
greater operating efliciency, the company 
reports. Output of rolled sheet and plate 
for the first 4 months of this year was 31} T 
per cent higher than the monthly average 
last year. The mill has been in operation 
2 years. Dow has adopted the new mili} g 
tary thickness standards (MS33528) for} 
aircraft sheet and is now producing all 
magnesium FSI alloy sheet in the weldable} 4 
grade. a 


e Elastic Stop Nut Corporation of America } ! 
announces a new line of miniature self- 
locking anchor nuts for fastening appli 
cations where space allowables are re 
duced to a minimum and low weight is 0 
paramount importance. Intended for use 
in the constantly shrinking electronic 
units, the lightweight ‘‘space savers’’ mett 
the same tensile, vibration, and temperfa- 
ture requirements as standard AN366 
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core of scientists and career engineers serving 
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he man 


the Department of Defense as liaison between 
military need and industrial accomplishment. 
He translates operational requirements 

into technical specifications... paces equipment 
development...evaluates results. 

He is recognized as an all-important link 
between industry and military...helping to 
achieve OPERATIONAL RELIABILITY. ~ 
This is teamwork...the indispensable ingredient 
which assures the quality of military electronic 


systems which this Company produces. 


AtLMEED ... 
as everywhere in General Electric 


PROGRESS IS OUR MOST IMPORTANT PRODUCT 


Aviation. 
Cectrouins 


Quelude: 


FIRE CONTROL RADAR 


SEARCH RADAR 
INDICATORS AND DISPLAY 
COUNTERMEASURES 
NAVIGATION 

MISSILE CONTROL 
AIRBORNE SONAR 
COMMUNICATIONS 

FUZES 

AUTOMATIC TEST 


DATA PROCESSING. 


| Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


LIGHT MILITARY 
ELECTRONIC EQUIPMENT 
DEPARTMENT 


PH ROAD, UTICA, N. Y. 
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FLEXON 
INSULATED 
DUCTING 


Check FLEXONICS 
for any of these 
components 


FLEXON DUCTING, standard or high 
strength corrosion resistant, is 
available in varying wall thick- 
ness in light gauges and in a 
complete range of sizes, with or 
without insulation. Elbow form- 
ing and rib reinforced types can 
also be supplied in Type 321 and 
Uniloy 19-9DL. 


FLEXON METAL HOSE, corrosion re- 
sistant, is manufactured in the 
broadest varieties of sizes and 
types for all aircraft applications. 


FLEXON BELLOWS are made in an 
almost unlimited range of sizes 
and types to meet the most ad- 
vanced requirements. 


Flexon identifies 
products of Flexonics 
Corporation that 
yave served industry 
‘or over 53 years. 


ENG 


combines circular, 
elliptical and 
flexible sections 


The ducting assembly illustrated above 
is typical of many intricate sections de- 
veloped and fabricated by Flexonics to 
meet the rigid demands of high perform- 
ance aircraft. 

This particular unit is made for a new 
high altitude fighter and is designed for 
operating temperatures up to 760° F. Un- 
usual in its design is the combination of 
circular, elliptical and flexible sections. To 
provide required uniformity, it is formed 
from Flexon straightwall stainless steel 
tubing, not half shells, welded together. 
The entire unit is insulated and the insu- 
lation sealed in a stainless steel outer shell 
to prevent wicking of volatile fluids. 

Flexonics Corporation’s ability to fabri- 
cate ducting of this type results from over 
53 years’ experience in the manufacture 
of flexible metal components. Put this 
know-how to work for you... it is your 
best assurance of getting the quality you 
need in your ducting requirements. For 
specific recommendations on the resolu- 
tion of your ducting problems send an 
outline of your requirements. 


AIRCRAFT DIVISION 


1309 §. THIRD AVENUE @ MAYWOOD, ILLINOIS 
FORMERLY CHICAGO METAL HOSE CORPORATION 


Manufacturers of flexible metal hose and conduit, expansion 
joints, metallic bellows and assemblies of these components. 
In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 
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locknuts of similar configuration. Avyaj 
able in four thread sizes, the three cop 
figurations may be used at temperatures y 
to 500°F. 
e@ Fairchild Camera and Instrument Co, 
poration... A “motion-analysis” camer 
capable of taking high-quality picture 
within the range of 5,000 per sec. has bee 
designed by Fairchild and is now being 
field-tested. The lightweight 16-mm 
camera has been designed for  severg 
different uses. An industrial model has 
been planned which will take up to 5,0y 
pictures per sec.; an air-borne model wij 
operate at the rate of 2,000 per sec.; ang 
a missile hit-miss model, which has already 
made 250 pictures per sec., is being im. 
proved to take 1,000 per sec. Both the 
industrial and air-borne models have film 
capacities of 100 and 200 ft., using daylight 
loading The Fairchild Motioy 
Analysis Camera utilizes a rotating prism 
which was selected for the highest possible 
index of refraction and lowest dispersiog 
with a minimum thickness and minimum 
angle of incidence. The result is ap 
evenly illuminated picture that has q 
sharp frame line, with no overlapping of 
images of one frame into the next. The 
four-sided prism is made of a glass which 
does not cause ‘‘color fringing,’’ and there. 
fore color photography is possible without 
the use of color-correction filters. The 
rotating prism shaft is so mounted that 
the camera will operate at 55g’s shock 
without causing optical distortion or mal- 
function. It is possible to make single. 
frame enlargements from the original film 
Picture steadiness on projection is superior 
to that of intermittent cameras shooting 
64 pictures per sec., the company claims 
The new camera is expected to prove use- 
ful in photographing high-speed electrical 
phenomena, automatic machinery, explo 
sions, guided missiles, hydraulic phenom- 
ena, deceleration tests to simulate grav- 
ity pull, and fast motion in the sports and 
entertainment fields. 

e Fairchild Engine and Airplane Corpo- 
ration... Stratos Division, Bay Shore, 
Long Island, N.Y., has issued a leaflet 
entitled Complete Accessory Systems for 
Many Basic Aircraft Services. It de 
scribes aircraft pressurization and _aif- 
conditioning systems, high-pressure pneuw- 
matic systems, controls and valves, and 
pneumatic accessories. 

@ Federal Telecommunication Labora- 
tories has begun publication of a four-page 
paper for its employees. Called Jn the 
News, the paper will be issued monthly 
... Henri G. Busignies, formerly Execu- 
tive Vice-President, has been named Presi- 
dent of Federal Telecommunication Labo- 
ratories, which is the American research 
organization of International Telephone 
and Telegraph Corporation. An au- 
thority on radio and electronic aids to 
aerial navigation, Mr. Busignies holds 
more than 100 patents in the aerial navi- 
gation, radar, and communications field 

e Flight Refueling, Inc... . Albert Roeper, 
Controller, has also been elected Treasure! 
of the company. 

e The Garrett Corporation’s Aviation 
Service Division has moved into its new 
$600,000 facility at Los Angeles Inter 
national Airport. The new base, not fat 
from the former one, includes a hangal 
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New Epon adhesives are being speci- 
fied to replace expensive riveting and 
welding in an ever-increasing variety 
ofaircraft applications. Because they 
contain no solvents, Epon adhesives 
permit immediate assembly of metal- 
to-metal bonded parts. Contact pres- 
sure alone is all that is required to 
form sound bonds. Surfaces before 
bonding need not be machine-finished 


and welding 
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ow many riveting 


operations can 
you eliminate > 
with 


and glue lines need not be uniform. 

Air-relief drilling is never needed. 
For your specific needs, three 

standard formulations are: 

@ EPON ADHESIVE VI: General purpose, 
high-strength adhesive. Cures at room 
temperature or slightly above. 

@ EPON ADHESIVE VIII: High strength, 
capable of withstanding moderately high 
service temperatures. Cures in 90 min- 
utes at 200°F. 

@ EPON ADHESIVE 422: A special formu- 
lation in tape form for service at tempera- 
tures up to 500°F. 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION, 380 Madison Avenue, New York 17, New York 


Atlanta + Boston - Chicago + Cleveland - Detroit - Houston - Los Angeles - Newark - New York + San Francisco - St. Lovis 
IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited + Montreal + Toronto + Vancouver 
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Section of Bondolite* floor panel 
(*T.M. Goodyear Aircraft Cor- 
poration) with inserted cargo, 
tie-down ring. 


Wing flap section made from 
Bondolite. Bend is reinforced 
with Epon Adhesive VI. 


Bondolite honeycomb construc- 
tion. Epon Adhesive. VI bonds 
aluminum skin to central alumi- 
num honeycomb. 


ADNESIVES? 


Epon adhesives have been used suc- 
cessfully in bonding metal, plastics, 
rubber and wood for helicopter rotor 
blades, honeycomb wing sections, jet 
fuel tanks, radar antennae, struc- 
tural joints and floor panels. Can 
Epon adhesives solve an assembly 
problem for you? Write us about 
your problem and we’ll send full 
technical information and samples. 


(Epon resins are the epoxy polymers nade exclusively by Shell Chemical Corporation) 


W 
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A light plane equipped with Goodyear's experimental low-pressure tires takes off from 
the grass at Akron Municipal Airport. The barrel-shaped, flat-sided tires are 24 in. wide and 


can be inflated at 3 to 8 psi. 


The Terra-Tires will later be tested on plowed fields, rough 


clearings, sand, snow, and marsh. The pliable tires conform to uneven surfaces without re- 
sisting them and glide over soft spots without bogging down. 


300 by 300 ft. with four bays, each large 
enough to accommodate a four-engined 
air liner. The hangar, administration 
building, and shops are on a 25-acre plot. 
e@ General Dynamics Corporation has been 
selected to design and construct a control 
system for the nozzle of flexible ducting 
which regulates the flow of air through the 
test chamber of the giant supersonic wind 
tunnel under construction at Arnold Engi- 
neering Development Center, USAF, 
Tullahoma, Tenn. Capable of operating 
continuously at Mach 4.5, the tunnel has a 
test section approximately 16 ft. square. 
The Electric Boat Division will supply the 
system of motor drives and mechanical 
jacks that will bend the flexible plates of 
the nozzle. The jacks must travel an ex- 
treme distance of 8 ft. within an accuracy 
of 0.008 in. The Stromberg-Carlson Di- 
vision will create a digital computer sys- 
tem for automatically controlling the 
shape of the nozzle with electronic con- 
trols... . Convair-San Diego Division has 
broken ground for a $3,500,000 supersonic 
blowdown tunnel. It will be capable of 
testing models at subsonic, transonic, and 
supersonic speeds up to Mach 5.0 in a test 
section 4 by 4 ft. The runs will range 
from 50 to 90 sec. and can be repeated in 
20 min. Air will be stored under a pres- 
sure of 600 psi (42 atmospheres). The 
flexible nozzle will be 38 ft. long. Closed- 
circuit television will permit observation 
of the model, replacing the usual glass 
window. The wind tunnel will be com- 
pleted by next summer. 

General Electric Company... A giant 
computing machine that could save up to 
2 years in the costly development of jet 
engines has been built by G-E for the Air 
Research and Development Command. 
The analog computer will become the brain 
of a jet-engine simulator now under con- 
struction for ARDC by the Aircraft Gas 
Turbine Development Department. It 
will enable engineers to forecast perform- 
ance characteristics of control systems for 
jet engines that are still on the drawing 
boards. Previously, it has not been pos- 
sible to check out a preproduction engine 
control system on a sufficiently large num- 
ber of engines of one type. In many in- 
stances, either the engine is not available 
and its expected performance data are 


lacking 
available 


if the experimental engine is 
ngineers are unwilling to ris‘ 
e prototype in gruelling tests. 
Checking out an experimental engine con 
trol system normally requires up to 6 
months and costs several million dollars in 
the wind-tunnel and flight-test phases 
The new computer, which required 6 vears 
to build, measures 35 by 100 ft. and is 12 
ft. high It contains 6,000 vacuum tubes, 
1,700 indicating lights, and 2,750 knobs or 
dials. The apparatus is cooled by a large 
About 42 man-vears of 
work went into the finished product. Ap- 
proximate 8,350 man-hours were spent 
in the drafting stage, 44,960 in engineering, 
and 32,000 in manufacture and assembly. 
... The Silicone Products Department, 
Waterford, N.Y., is now manufacturing a 
silicone rubber cloth coating compound 
for ducting which can carry air at tempera- 
tures as high as 700°F. and remain flexible 
at —120°] This compound, designated 
SE-701, is used in hot air ducts, jet-engine 
starter hose, aircraft fire-wall seals, and 
flexible connectors for metal ducting. . 

A new hermetically sealed, subminiature 
relay that eliminates ‘‘blind assembly” 
has been announced by the Specialty Con- 
trol Department. Intended for use in 
aircraft, it can withstand shock of 50g and 
ambient temperatures up to 125°C. 


the expensiy 


air conditioner. 


@ General Precision Equipment Corpo- 
ration... Kearfott Company, Inc., has 
made a licensing agreement with R. B. 
Pullin & Company Ltd., of London, Eng- 
land, permitting the manufacture in Eng- 
land of servomotors, synchros, tachometer 
generators, and servomotor-tachometer 
combinations 


e G. M. Giannini & Co., Inc., announces 
illed rate gyro which incorpo- 
rates a nonheated temperature-sensitive 
mechanism to maintain a linear damping 
over the bient temperature range of 
— 54° to 71°C. 

e The B. F. Goodrich Company... A hose 
that remains strong and flexible at tem- 
peratures between —100° and 450°F. is 
being manufactured by the B. F. Goodrich 
Industrial Products Company, Marion, 
Ohio. It will be used for fuel, lubri- 
cant, and hydraulic lines in jet planes, 
rockets, and guided missiles. Made of 


a new oil 
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tetrafluoroethylene (Teflon), a resin higf 
resistant to corrosive fuels, synthetic lu 
cants, and other chemicals, the lig 
weight, seamless hose is reinforced 
braids of stainless steel wire. Goodri 
producing the new hose under a lice 
agreement with Resistoflex Corporaty 
Belleville, N.J. 
e@ Lear, Incorporated, has applied for p 
ents on a sinall ‘‘black that exereg 
man-like powers of deliberative judgme 
the company announced recently, addj 
that its first use will be for aircraft ng 
gation. The device is said to follow p 
cise rules of logic in ‘‘reasoning’’ whetk 
to accept, reject, or demand confirmatj 
of data fed into it. The system provid 
basic new methods of discriminating aut 
matically between data from any twoj 
formation sources. It does this throy 
continuous electronic application of 
laws of probability and error distributio 
in order to deduce from two sets of dat 
each having known chances of error, inte 
gence more accurate than either conve 
tional source could possibly provide. 7 

In its immediate air-borne applications 
the system is called the Lear SCAN, mean. 
ing Self-Correcting Automatic Navigator 
It will enable an airplane to fly straight t 
its target over enemy territory despite 
any attempts at electronic jamming, and 
without disclosing its presence by emitting 
any radiation. This technique will make 
use of reflected VHF signals far beyonf & 
the line of sight to which such signals are 
normally confined, thus permitting the 
plane to penetrate through mountainous 
terrain at low levels, avoiding radar detee- 
tion. Only those signals are 
which fall within the error limits of the air 
borne navigating system. Once deter. 
mined valid, the ‘‘good”’ radio data are , 
then used to correct automatically the lev’ 
reading of the air-borne system 

A typical Lear SCAN installation might 
involve the directional and air-speed indi- 
cating systems of an airplane, which to- 
gether can show heading and distance 
traveled. The airplane is also tuned to 
two VHF radio stations which provide con- 
tinuous “angle-angle’’ positioning data 
by their relative directions from the aif- 
plane. Such radio contact might, for ee 
ample, be accomplished by two Lear Auto 
matic Direction Finder instruments. 

During the early part of a flight, errors 
inherent in the directional gyro system due 
to drift, and errors in the air-speed reading 
due to moving air masses, would accumt- 
late in the form of an erroneous position 
indication. SCAN’s first function would 
be to correct the air-borne system com 
tinuously to conform with radio infor 
mation. 

Far over the horizon, however, there 
will be a much greater volume of electrome 
disturbance coming into the radio receivers 
than valid signals. This ‘‘bad” infor 
mation must be screened out so that only 
the good information will be used to cot 
rect the air-borne system to pinpoint ac- 
curacy. Each such correction, of course, 
modifies the history of the flight so as to 
improve continuously the screening proc 
ess and also to provide the course made 
good and the distance and heading to tat- 
get. 

The criterion that is used for data ac 
ceptance from the outside can be phys 
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Architect's sketch of Lockheed Missile Systems Division's new plant in Sunny- 


vale, Calif., shows the Administration roy | (left, front), Engineering Building 


(right, front), Cafeteria, and Manufacturing 
It adjoins Moffett Field. 


occupied by next summer. 


cally represented as a circle surrounding 
the dead-reckoning indicated position of 
the aircraft. Since the circle represents 
the confidence limits that apply to the 
air-borne data system, it is known that 
the aircraft is somewhere within the circle. 
If radio data are being supplied at a rea- 
sonable rate (samples at intervals no longer 
than several minutes), then the circle is 
quite small. However, when outside data 
are interrupted, the circle grows with 
elapsed time. The Lear SCAN accounts 
for the expansion of this circle of possible 
error with time, in accordance with the 
known cumulative error probability of the 
air-borne system. 

The Lear SCAN always carefully de- 
liberates before accepting signals which are 
near the outer limits of this circle of credi- 
bility and in so doing simulates human 
reasoning process. Such signals have to 
be repeated several times before being in- 
corporated’ in the voltage used to correct 
the air-borne system. Fewer repetitions 
of signals that are somewhat nearer the 
predicted position are demanded, and sig- 
nals that are right in line are utilized in- 
stantly. In this manner, the navigational 
data are kept continuously corrected 
throughout each flight. Thus, when re- 
ception is renewed after an interruption, 
the Lear SCAN will somewhat reluctantly 
accept signals signifying wide departures 
from the indicated position, but, unless 
these prove convincingly persistent, they 
will be overridden quickly by the prepon- 
derance of signals representing the true 
new position. 

In the event radio channels are com- 
pletely saturated by enemy jamming, the 
airplane still can proceed with the inher- 
ent accuracy of the self-contained system 
through the remaining stages of flight or 
until good radio signals are again available. 
@ Lockheed Aircraft Corporation... 
Ground was broken in May for the Lock- 
heed Missile Systems Division’s new plant 
in Sunnyvale, Calif., on a 275-acre site 
adjacent to Moffett Field. The new fa- 
cilities, scheduled for completion next 


uilding (rear). The plant will be 


summer, will supplement the company’s 
present Missile Systems plant in Van 
Nuys, Calif. The four buildings to be 
constructed, all of modern, one-story de- 
sign, will be an administration building of 
48,000 sq.ft., an engineering building 96,- 
000 sq.ft., a manufacturing building 
96,000 sq.ft., and a cafeteria 20,000 sq.ft. 
The Administration Building, 240 by 200 
ft., will have a large reception lobby fea- 
turing glass panels and a field-stone facing. 
The Manufacturing and Engineering 
Buildings, each 600 by 160 ft., will have 
lobbies with similar glass and field-stone 
exteriors. The Missile Systems Division 
is constructing research laboratories with 
102,000 sq.ft. of floor space at Stanford 
University’s industrial park in nearby 
Palo Alto. These laboratories will be 
completed this fall.... For test work on 
the prop-jet Electra air liner, Lockheed 
electronics engineers have developed what 
they believe to be the world’s smallest 
television camera. It is 5 in. long, weighs 
1'/, Ibs., and has an 8-mm. lens. The 
TV camera will be attached to the outside 
of the plane to observe tufts in flight and 
also will be placed where it can see into 
inaccessible areas such as the inside of a 
landing-gear housing. If a problem is 
detected in flight, the plane can be ma- 
neuvered to maintain a desired test con- 
dition so that all characteristics can be 
studied immediately. There is no need to 
wait for movie film to be developed and 
then to make additional flights to gain 
more information. The TV camera has 
many uses in structural testing, where it 
permits a close-up view in situations that 
would be dangerous for an actual observer. 
... Lockheed’s Georgia Division has 
opened an engineering office in St. Augus- 
tine, Fla. Lockheed Aircraft Service, 
Inc., has moved from Burbank to Ontario, 
Calif. 

@ Manning, Maxwell & Moore, Inc., of 
Stratford, Conn., has issued a bulletin on 
Transmitting Potentiometers. 


@ Marquardt Aircraft Company... 
William C. Foster, Executive Vice-Presi- 
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dent of Olin Mathieson Chemical Corpo 
ration, has been elected to the Board q 
Directors. He is a former Deputy Ser 
tary of Defense. 


e The Glenn L. Martin Company }, 
been selected by the Air Force as ty 
winner of a competition to develop a ney 
experimental tactical bomber. A com. 
pany announcement said Phase I of th 
development has already been complete 
... Martin has been selected by the goy. 
ernment of the Dominican Republic 
design and build a nuclear-powered ele. 
trical generating plant near Ciudad Try. 
jillo. 

© McDonnell Aircraft Corporation is usin, 
an unusual facility for full-scale structural 
testing of missile components under ey. 
treme heat conditions which would f 
encountered at more than 5,000 m.p.h. 4 
missile specimen 15 ft. long and 8 ft. jp 
diameter can be tested at temperatures up 
to 1,000°F., and smaller structures can be 
subjected to tests at temperatures up to 
1,500°F. McDonnell engineers investi. 
gated several systems of rapid heating 
based on a desired heating rate of 15°F 
per sec. and finally adopted a radiant heat. 
ing system utilizing quartz lamps and 
heat reflectors. This method allows wide 
flexibility to be obtained, since the num. 
ber of lamps used and the distance be 
tween the missile specimen and the lamps 
can be adjusted to obtain a higher or 
lower rate of heating. The Physical Labo. 
ratory’s power source was increased to 600 
kw. This method of structural testing is 
believed closely to duplicate flight con- 
ditions by the simultaneous application of 
flight loads and very high temperatures to 
the basic structure. 


@ Minneapolis-Honeywell Regulator Com- 
pany ... More than 150 Navy trams. 
port and mapping planes will be equipped 
with automatic flight controls under a 
new R5D (DC-4) modification program 
extending over a period of several years 
An altitude controller manufactured by 
the Aeronautical Division will be com- 
bined with the M-1 autopilot to enhance 
the ability of the automatic pilot for long 
flights. The M-H altitude controller, 
which already is being used on the F-1000, 
F-101, F-89, B-66, and B-36, is an aneroid 
pressure instrument that ‘“‘feels’” devia- 
tions in a plane’s altitude by sensing 
changes in barometric pressure. It can 
detect a change of 5 ft. at an altitude of 
40,000 ft. The controller, which weighs 
9.2 lbs., continually signals the autopilot 
to bring the plane back to the desired alti- 
tude. ... The MB-3 autopilot is being in- 
stalled in the North American F-100D 
Super Sabre. In addition to stabilizing 
the plane at supersonic speeds, the MB-~ 
provides precise regulation of altitude and 
air speed and instantaneous response to 
guidance commands from navigational 
radar bombing and automatic fire control 
devices. 
Norden-Ketay Corporation . . . The 
Norden Laboratories, of White Plains, 
N.Y., has been elected to membership in 
the Radio Technical Commission fot 
Aeronautics.... Perry R. Roehm, for 
merly Executive Vice-President, has been 
elected President of Norden-Ketay Cor- 
poration. He succeeded Morris F. Ketay, 
founder of the company, who retired as 
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KEARFOTT 
SERIES R900 
SYNCHRO 


Have / 


SIZE 11 
1.062" Diam. x 1-45/64 
long, weight 4 oz 


HIGH ACCURACY 


Probable error 7 mins. Maximum error 10 mins. 


CORROSION RESISTANCE 
Stainless steel housings, shafts, bearings 
and laminations. 


NEW HIGH TEMPERATURE STABILITY 
LOW IN PRICE—IMMEDIATE DELIVERY 


Let us know your delivery requirements— 
write today. 


KEARFOTT COMPONENTS INCLUDE: 

Gyros, Servo Motors, Synchros, Servo and Magnetic 
Amplifiers, Tachometer Generators, Hermetic 

Rotary Seals, Aircraft Navigational Systems and 
other high accuracy mechanical, electrical and 
electronic components. 


Send for bulletin giving data of components of 
interest to you. 


A SUBSIDIARY OF 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, ili. South Centro! Office: 6115 Denton Drive, Dollas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Collif. 
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President but continues on the Board oj 


Directors. ... Norden-Ketay has issued 
three bulletins with specifications on jt: 
precision synchro resolvers, magnetic 


servoamplifiers, and gear head servomotor 


e North American Aviation, Inc. ... The 
Missile Development Division, developer 
of the Chem-Mill process, is operating g 
pilot plant for chemical etching of steel, 
titanium, and aluminum alloys used j, 
making aircraft parts. Although the pur 
pose of the small plant is largely experj 
mental, it is turning out parts for the 
SM-64 Navaho guided missile, which js 
under development at North American's 
Downey (Calif.) plant 


e@ Northrop Aircraft, Inc., has established 
a facility at Holloman Air Force Base, 
N.M., for the use of its subsidiary, Radio. 
plane Company. Radioplane Company 
conducts field tests of drone aircraft and 
guided missiles there. ... Northrop’s Ana- 
heim (Calif.) plant, employing 1,400 per- 
sons, established a perfect safety record for 
1955 in the National Safety Council’s 
annual contest. Northrop’s installation 
at the Air Force Missile Test Center, 
Cocoa, Fla., with 430 employees, also had 
a perfect score to tie for first place in the 
safety contest among smaller firms 

Robert R. Miller has been elevated to 
Vice-President and General Manager of 
Northrop. C. Hart Miller has _ been 
elected Vice-President for Administration 
Richard R. Nolan has been named Vice. 
President in charge of Manufacturing 


@ Pan American World Airways, Inc.... 
One of the largest and fastest electronic 
data-processing machines has been in- 
stalled in the Long Island City (N.Y) 
office of Pan American to speed up the 
great volume of accounting work and the 
fantastically complex procedures of the 
international air line. The entire passen- 
ger-revenue accounting task, which previ- 
ously required 4,000 hours of machine time 
each month, can now be done in 12 
machine-hours. The machine also will be 
used to revise the company’s entire pro- 
gram of inventory reserves and to provide 
statistics on cargo and passenger trends 
Pan American has added a_ fifth 
around-the-world flight to its schedules 


@ The Parker Appliance Company... 
Floats of hard unicellular rubber sponge, 
fabricated to customer's specifications, are 
now being manufactured by the Rubber 
Products Division. Testing indicates the 
material is suitable for use in water, oil, 
gasoline and aviation fuels, and certain 
other liquids over a wide temperature 
range. It is lighter than cork, can with- 
stand higher temperatures, resists fungus 
growth, needs no protective coating, main- 
tains stable weight and volume, and does 
not become waterlogged. Unlike some 
metal floats, it does not fail as a result of 
vibration or puncture. It can be molded 
to shape, drilled, and machined 
Parker announces two new O-ring com- 
pounds, one resistant to aircraft fuel and 
the other to grease and oil 


e Republic Aviation Corporation is using 
closed-circuit television in building assel- 
bly jigs and fixtures. The television 
camera replaces the man behind the tele- 
scope. Now one man, watching the tele- 
vision screen, aligns the contour plate 
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‘One Waldes Truarc Ring Saves a Pound in 1 Weight 
Replaces Cast Retainer Plate and Four Screws 


The Denison Engineering Company of Colum- 
bus, Ohio uses a Waldes Truarc Beveled Retain- 
ing Ring (Series 5002) in their pump/motor to 
achieve a simpler, lighter, more easily assem- 
bled unit and to cut both material costs and 
production time. 

This vane-type power package operates as 
either a fluid pump or motor without alterations 
of any kind. Built for 2000 psi continuous duty, 
rugged construction was essential. 


\— 


Truare Way: Waldes Truarc beveled retaining ring (internal 
5002) retains shaft and bearings, takes up accumulated tol- 
erances rigidly, prevents leakage around shaft. Unit is one 
pound lighter. Assembly is quick and easy, more economical. 


Experimental Way: One cast retainer plate plus four socket 
head cap screws hold unit together. Assembly requires skilled 
labor, machinery, time-consuming careful adjustment. 


Wherever you now use machined shoulders, bolts, ring types available. Ninety stocking points through- 
snap rings, or cotter pins, there’s a Waldes Truarc out U. S. A. and Canada. 
Retaining Ring designed to do a better, more eco- Find out what Waldes Truarc Retaining Rings can 
nomical job. Truarc Rings are precision engineered, do for you toward reducing costs and improving 
quick and easy to assemble and disassemble. your product. Send your blueprints to Waldes Truarc 
More than 5,000 stock-sizes of the different Truarc Engineers for individual attention without obligation. 
sien For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool! 


Send for new catalog supplement ] 


Waldes Kohinoor, Inc., 47-16 Austel Place, L. |. ¢C.1,N.Y. | 
WALDES Please send the new supplement No. | which | 
| SbyiriPelvare Catalog RR 9-52 up to date. | 
4 A> (Please print) | 
i 
| Business Address...... SO hy 
® ij Zone. 


| 
KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


HLDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by ous s or more of the following U.S. Patents: 2,382 Steg 411,426; 
2411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441, 846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; a 081; 
244,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595.787, and other U. S. Patents pending. Equal patent protection established in foreign coufmtries. 
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Ryan's proposed “'Vertiplane” for the Army will be designed on the deflected- 
slipstream principle, with large, retractable wing flaps capable of diverting the 
thrust from two te propellers straight downward. This is an artist's sketch of 


the experimental VTOL plane. 


The new method cuts time and cost 
sharply. 


e Ryan Aeronautical Company has an- 
nounced it will design and build for the 
Army a light VTOL aircraft to be called 
the ‘‘vertiplane.” The new craft will 
achieve vertical take-off and landing by 
employing the deflected slipstream prin- 
ciple, using large propellers and double, 
retractable wing flaps extending far below 
and to the rear of the wing trailing edge. 
It will be a medium-speed plane for light 
passenger and cargo transportation and 
liaison work. The vertiplane will be 
capable of the same flight maneuvers now 
associated with helicopters, the company 
said, but it will be superior to rotary- 
winged aircraft in speed, range, altitude, 
and endurance. The experimental air- 
plane will embody a conventional con- 
figuration with the exception that the wing 
incorporates large flaps located in such a 
way that the propeller slipstream can be 
deflected 90° downward during take-off, 
hovering, and landing. For transition 
into horizontal flight, the flaps will retract 
as the plane picks up forward speed and 
the slipstream then will flow horizontally. 
In landing, the pilot will make an approach 
under power with some flap deflection. 
Then, he will extend the flaps and add 
power until the touchdown is made at 
zero forward speed. The vertiplane re- 
mains in a level attitude during landing 
and take-off. It will be powered by a 
single gas turbine driving two propellers. 
... A new version of the Firebee jet drone 
missile, capable of operation at altitudes 
over 50,000 ft. and at high subsonic speeds, 
has been built by Ryan and is being flight- 
tested this summer at Holloman Air De- 
velopment Center, N.M. The original 
Q-2A target drones, now in operational 
use, were designed to fly up to 40,000 ft. 
The new XQ-2B’s have an improved con- 
trol system incorporating automatic climb 
and dive features and glide control. Their 
wing area is one third larger. A Fairchild 
FT-101-D-1 turbojet engine with 1,000 
lbs. thrust powers the new drones. 


e Sperry Gyroscope Company Division of 
Sperry Rand Corporation... Electronic 
engine analyzers will be widely used by the 
Air Force in test cells at overhaul centers 
across the nation and in certain passenger 
aircraft, according to a company an- 
nouncement. Ground portable analyzers 
are being manufactured for the Air Ma- 
teriel Command and air-borne analyzer 
systems for the Military Air Transport 
Service. The analyzer detects and indi- 
cates on a cathode-ray screen disorders in 
spark plugs, magneto, condenser, coil, and 
ignition wiring. It also discovers improper 
valve adjustment, warped or sticking 
valves, broken valve springs, loose guides, 
bent push rods, and piston slap. The 
malfunctions can be discovered and cor- 
rected in early stages, thus preventing 
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accidents in the air. Maintenance time js 
reduced drastically. ... Sperry, which has 
been conducting extensive research int; 
the problems connected with turbine en. 
gine controls, has developed variable geom. 
etry controls for an advanced supersonic 
fighter engine and a shock positioner cop. 
trol system for a ram-jet missile. Shock 
positioners are a means of achieving mayj. 
mum performance in a jet engine by 
maintaining a pressure wave at a predeter. 
mined point in the air inlet nozzle through 
precise fuel-flow control. 

e Sturgess, Inc., of Glendale, Calif., has 
changed its name to Pacific Scientific 
Aeroproducts. 

e Thompson Products, Inc., is operating 
for the Navy Bureau of Aeronautics a new 
laboratory for testing turbojet and turbo. 
prop engine parts and assemblies in en. 
gines with thrust ratings up to 40,000 lbs, 
Known as the U.S. Naval Industrial Re. 
serve Aircraft Component Testing Plant, 
it is located 25 miles northeast of Cleve. 
land, on a 90-acre tract on the shore of 
Lake Erie. The laboratory, which cost 
$1,400,000, has twin test cells 24 ft. wide, 
24 ft. high, and 211 ft. long, encased in 
reinforced concrete walls a foot thick 
There is also a high-temperature spin pit 
for testing turbo power-plant rotating ele- 
ments and a test facility for very high 
temperature fuel. 

e Vertol Aircraft Corporation is working on 
the design and development of a “tilt 
wing,” turbine-powered VTOL research 
aircraft for the Army. The company said 
it will utilize the ‘‘flying test bed” ap- 
proach, which will permit the tilt-wing 
VTOL design to be explored with a rela- 
tively inexpensive aircraft in a matter of 
months, instead of taking years to design 
and construct a costly prototype. The 
airplane will be powered by a single turbo- 
prop engine geared to two rotor-propellers 
mounted on the wing tips. In take-off 
and in hovering flight, the tiltable wing is 
in the vertical position and the large rotor- 


Vertol's research on a VTOL aircraft using the tilting-wing principle may even- 
tually lead to Army vehicles such as this utility type shown operating from an un- 


prepared area in the jungle. 


uch a craft would Ay much faster than a helicopter 


and would contribute to the mobility of Army forces. 


\ \st We 


SY 
Loo 
blees 
nect 
ight 
ance 
No 
No | 
Ji 
weig 
desi 
750 
tigh 
disce 
loca 
T 
per 
tion 
inc 
Ji 
exp 
bac 
Sur 


e time js 
hich has 
rch int 
bine en. 
le geom- 
ner con- 

Shock 
ng mMaxi- 
gine by 
predeter. 
through 


alif., has 
Scientific 


/perating 
icS a new 
id turbo- 
2S en- 
),000 Ibs. 
trial Re- 
ig Plant, 
f Cleve. 
shore of 
1ich cost 
ft. wide, 
icased in 
thick 
» Spin pit 
ating ele- 
ery high 


orking on 
Fa “tilt- 
research 
pany said 
ap- 
tilt-wing 
th a rela- 
matter of 
to design 
pe. The 


propellers 
1 take-off 
le wing is 
irge rotor- 


ven- 
un- 
ypter 


What’s special 
about these 


couplings? 


Look at the newest couplings for jet aircraft 
bleed air ductwork! Connect them, discon- 
nect them—again and again—they remain 
tight and dependable. Trouble-free perform- 
ance is a result of metal to metal seal, with 
no secondary sealing devices or compounds. 
No loose parts to get lost or damaged. 

Janitrol couplings save up to 40% in 
weight over conventional designs, yet they’re 
designed for continuous use at 250 psi at 
750°F. To make installation easy, clamp 
tightens on latching side; quick connects and 
disconnects can be made in hard-to-reach 
locations! Lock nut torque is only 35 in. Ibs. 

They withstand corrosion, pressures, tem- 
peratures, surges, misalignment, and vibra- 
tion. Maximum design leakage is .01 cfm per 
inch of duct diameter. 

Seven sizes available now, from 112” to 4’; 
special sizes and designs made to order. 

Janitrol aircraft couplings are a product of 
experience in aircraft air handling dating 
back to World War II. For full details and 
specification data write or phone your nearest 
Janitrol representative. 

Janitrol Aircraft-Automotive Division, 
Surface Combustion Corporation, Columbus 
16, Ohio . . . District Engineering Offices: 
Washington, D. C., Philadelphia, Columbus, 
Ft. Worth, Hollywood. 


COMBUSTION SYSTEMS - HEAT EXCHANGERS - PNEUMATIC CONTROLS 
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propellers provide vertical thrust, as in 
the helicopter. For cruising and high- 
speed flight, the wing is in the normal hori- 
zontal position. The transition from ver- 
tical lift to forward flight is accomplished 
by tilting the wing-propeller combination 
forward. Thus, in forward flight, the 
wing provides the lift and the rotor-pro- 
pellers provide the thrust 


e Vickers Incorporated has reorganized 
its Engineering Division to permit acceler- 
ated research and development programs 
in ever-broadening areas of hydraulic sys- 
tem application. The Division is com- 
posed of five operating departments and 
an administrative department. The Re- 
search and Development Department com 
bines all groups working on basic research 
problems in hydraulic and related fields. 
Design and engineering for each of Vickers’ 
principal product lines is handled by a 
separate department (two departments in 
the case of aircraft), each headed by a 
chief engineer responsible for products and 
complete systems in that field. These 
four departments cover industrial, auto- 
mation, and marine products; ground mo- 
bile products; air-borne products (De- 
troit); and air-borne products (El Se- 
gundo . Vickers announces a new line 
of hydraulic-powered electrical power 
packages for air-borne installations. The 
unit consists of a permanent-magnet, 400- 
cycle type of a.c. generator directly driven 
by a flange-mounted Vickers constant- 
speed oil-hydraulic motor. The motor is 


powered by fl 
aircraft hydr 


w available in the existing 
The units are 
available in six sizes for 0.5 to 3.0 kva 
output. They weigh from 7 to 19 Ibs 
Applications for this development are the 
powering of copilot instrumentation in 
multiengined aircraft and supplying con 
trolled-frequency a.c. power in emergencies 
when the only source of power in the air 
plane is a ram-air turbine-driven hydraulic 


iulic system 


pump. Owen C. Davis, formerly Con 
troller, has been elected Treasurer of 
Vickers Incorporated 


e@ Weber Aircraft Corporation, Burbank, 
Calif., is distributing reprints of two tech 


nical articles on its electronic analog com 


puters. One describes its Toggle-Switch 
Programmed Computer. The — other 
article is entitled ‘High Power from 
Miniature Tubes.”’ 


e Westinghouse Electric Corporation... 
During the recent enlargement of O’Hare 
Field, Chicago, to make it suitable for com 
mercial as well as military operations, the 
control was moved to a better lo 
cation 6,000 ft. across the field. Westing- 
house installed remote-control equipment 
for the field's lighting system, making it 
unnecessary to relocate more than a mile 
of underground conduit. <A telephone cir 
cuit links the push buttons in the control 
tower with the old controls on the other 
side of the field A. M. Kennedy, Jr., 
and F. M. Sloan have been elected Vice 
Presidents of Westinghouse Electric Cor 
poration. 


towel 


IAS SECTIONS 


Meet Your Section Chainman 


Earl R. Hinz 
San Diego Section 


Earl Robert Hinz, Chief of Systems 
and Controls, Engineering Division, 
Ryan Aeronautical Company, is Chair- 
man of the San 
Diego Section for 
1955-1956. 

Earl was born in 
Minneapolis, 
July 25, 1919. 
5 After graduating 
from high school, 
he entered the 
University of Min- 
He had to leave school 


on 


nesota in 1938. 
in December, 1940, when he was called 
into the U.S. Marine Corps. 


In 1942 he was commissioned an 
ensign in the U.S. Naval Reserve, and 
during the following war vears he served 
at NAS, Pearl Harbor, and NAS, North 


Island, San Diego. In 1944 he was 
transferred to the Navy Bureau of 


Aeronautics in the Airborne Equipment 


Branch and remained there until he was 
separated in November, 1945. Earl has 
remained active in the Naval Reserve 
and now holds the rank of lieutenant 
commander, 

Upon separation from the service, 
Earl returned to the University of 
Minnesota and received his Bachelor's 
degree in Aeronautical Engineering in 
1947. After a summer with the Curtiss- 
Wright Corporation, he returned to 
school and obtained his Master of Sci 
ence degree the following year. From 
1948 to 1950 he was Associate Scientist, 
Rosemount Aeronautical Laboratory, 
University of Minnesota, and also an 
instructor in aeronautical engineering. 
During this time he became a registered 
aeronautical engineer in the state of 
Minnesota 

In 1950, Earl moved to San Diego and 
joined Convair’s Aerodynamics Group. 
As a Senior Aerodynamics Engineer at 
Convair, he was responsible for much of 
the aerodynamics work on the F-102. 

He moved across the field to Rvan in 


A 


~ cr 


1996 


1953 and has progressed from Senior 
Aerodynamics Engineer to Research 
Group Engineer in charge of Stability 
and Control and, in May of this year, t 
his present position of Unit Chie 
Systems and Controls, where he jis jy 
charge of all systems and controls analy 
sis functions on both aircraft and missile 
projects. 

During the time Earl has been in Sap 
Diego he has retained an interest jy 
teaching, serving as a lecturer in eng; 
neering for the University of California's 
off-campus graduate program. 

Earl has been active in IAS work 
since he first came to San Diego, having 
held four major offices prior to his elec 
tion as Chairman. He is an Associate 
Fellow of the Institute and this year js 
also serving as General Chairman of the 
1956 National Turbine-Powered Air 
lransportation Meeting. 

Earl and his wife, who were high 
school sweethearts, live with their son 
in La Jolla. In addition to his IAS and 
teaching work, he participates in many 
recreational diversions such as square 
dancing, skin diving, tennis, and camp 
ing. 


Soviet Education 


Boston Section 


The annual meeting was held May 14 
in Nahant, with almost 200 members 
and guests attending. After dinner 
Chairman Robert Halfman introduced 
the newly elected officers for 1956-1957 
Chairman Edward L. Dashefsky, Vice 
Chairman John B. Tucker, Secretary 
Daniel J. Fink, and Treasurer Eugene 
E. Larrabee. 

Raymond L, Bisplinghoff, Professor oi 
Aeronautical Engineering at Massa- 
chusetts Institute of Technology, was 
Moderator for a discussion of engineer 
ing education in the Soviet Union. The 
panel members were Alexander Korol oi 
the Center for International Studies, 
M.I.T.; Nicholas DeWitt of the Rus- 
sian Center, Harvard Un- 
versity; and Leon Trilling of the Aero- 
nautical Engineering Department of 
M.1.T. Mr. Korol described the Rus- 
sian elementary and secondary school 
system, Mr. DeWitt presented a general 
picture of Russian engineering educa- 
tion, and Professor Trilling dealt spe- 
cifically with aeronautical engineering 
education. 

Mr. Korol pointed out that the Soviet 
system of secondary education shows 
features of American, European, and 
prerevolutionary Russian 
patterns combined into uniquely Soviet 
forms and integrated for the indoctrina 
tion and training of workers for the state 
economy. 

In common with the American tradi- 
tion in public education, the Soviet 
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system is designed for mass education. 
In common with the general European 
practice, Soviet schools have a rigidly 
fxed and uniform curriculum in all 
schools of general education, the meth- 
eds of instruction are formal and 
guthoritarian, and the academic de- 
mands made upon the student are 
rigorous. From prerevolutionary Rus- 
oe the Soviet school has resurrected 
many features of the tsarist state-oper- 
ated schools, such as the centralized 
bureaucratic control of the schools, the 
quasi-military, strict discipline, and the 
uniforms which students must wear in 
and out of school. 

The central component of the Soviet 
educational system is the ten-year 
school, which combines elementary, 
middle, and secondary education and is 
roughly comparable to our college 
preparatory high school. Soviet chil- 
dren start their school | vear later (at 
age 7) and finish | year earlier (at age 
17) than do our high school graduates. 

Not all who enter the system at age 
7 succeed in completing the ten-year 
school. At the end of the elementary 
schooling, there is a more or 
irrevocable siphoning-off from the main 
educational stream into the ranks of 
common and semiskilled labor and, after 
the completion of the seventh grade, 
into the ranks of skilled and subprofes- 
sional labor via additional training in 
specialized schools such as ‘“‘techni- 
cums.” Perhaps not more than 20 per 
cent complete the tenth grade. 

The curriculum completed by the ten- 
year school graduates (currently num- 
bering about 1,000,000 per year) is 
heavily concentrated on science (includ- 
ing 5 years of physics) and mathematics 
(including algebra, plane and_ solid 
geometry, and trigonometry). Most of 
the ten-year school graduates apply for 
admission to schools of higher educa- 
tion, but, on the basis of competitive 
examinations against a fixed quota of 
vacancies, only about four out of ten 
applicants are admitted. 

Mr. DeWitt began by emphasizing 
that higher education is used as a tool 
in the hands of the state. It is desirable 
from the Soviet citizen’s point of view 
to go on for higher education. As a 
student, he pays no tuition and is in 
fact paid up to two thirds of what he 
would receive as an industrial wage. If 
he is unusually able, he will receive 
additional scholarships and, as a stu- 
dent, will be deferred from military 
service. If he is an exceptional student, 
he may be completely exempted from 
military obligations. 


less 


A school certificate carries prestige in 
the Soviet state, perhaps in some meas- 
ure because of the fact that the popula- 
tion is not long removed from a system 
of little public education. Students who 
enter the Soviet higher education sys- 
tem are of unquestioned ability in view 
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_Is your Jet Engine RPM Measurement Accurate??? 
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The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, engine 
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instrumentation. 


The new B&H Takcat incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, 
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addition, the TakcaL checks the tach system. The TaKCAL circuit 
and tachometer are parallel so that readings can be made simul- 
taneously to determine the accuracy (or inaccuracy) of the air- 
craft’s tach system. The TaKCAL operates during the engine run 
to properly set up engine controls for maximum economy and 
safety. 

The TaKCAL’s component parts are identical with those used in 
the J-Model JeEtcaL Analyzer. They are here assembled as a 
separate unit tester and for use with all earlier models of the 
JETCAL Tester. 


The TAKCAL operates accurately in all ambient temperatures from 
—40°F. to 140°F. Low in cost for an instrument of such extreme 
accuracy, it is adaptable to application in many other fields. 
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of the competition they must face to be 
admitted and to graduate. In the ele- 
mentary and secondary school system, 
only about 200 out of each 1,000 ac- 
cepted 10 years previously succeeded in 
graduating from the tenth grade in 
1955. 

Admission to engineering institutes 
and universities is by entrance examina- 
tion, and only one quarter of those who 
apply are accepted. In addition to tech- 
nical competence, candidates for higher 
education are also subject to political 
screening. At the outset of his engi- 
neering course, which lasts 5!/2 years, 
the applicant has his choice of the field 
he will enter. However, once having 
made this choice, he is not free to switch 
to another field. 

There are 762 institutions of higher 
learning in the U.S.S.R., of which 737 
are residential schools. Total enroll- 
ment is 1,850,000. The engineering 
schools account for one third of this 
total, or about 650,000 students. Of 
these 737 higher educational establish- 
ments, 33 are universities and 188 are 
resident engineering institutes, the lat- 
ter having 450,000 resident students. 

The engineering institutes are not 
organized into departments of mechani- 
cal, civil, electrical, aeronautical engi- 
neering and the like, but vertically by 
industries. Thus an aeronautical insti- 
tute will be concerned with all fields and 
subjects which are related to the pro- 
duction of aircraft. In the engineering 
institutes, there are 760 specialties which 
may be pursued by the students. The 
length of the engineering course is 51/2 
years, during which the student receives 
5,200 to 5,500 hours of instruction, as 
compared with 3,700 to 4,000 hours 
(normally) in this country. Generally 
speaking, the extra hours go into the 
specialization field which the student is 
pursuing. The distribution of the stu- 
dent’s time, by per cent, is as follows: 


6-8 % _ political subjects 
26-30 general science 
25-33 general engineering 
22-28 special engineering 


The engineering student’s work load 
is heavy, ranging between 60 and 90 
hours per week. During his academic 
career, he takes 40 examinations, at- 
tends three industrial practice sessions 
at factories, and prepares a thesis. Out 
of each 100 who enter this higher educa- 
tion system, 60 survive. Mr. DeWitt 
closed his presentation by pointing out 
the very large growth of education in 
science and engineering in the U.S.S.R. 
He said that, in the past 25 years, 1,000,- 
000 teachers have been produced by 
their universities and that, of this num- 
ber, 350,000 are science teachers. Cer- 
tainly the number of our science teachers 
compares most unfavorably with this, 
aside from any considerations of quality. 
Professor Trilling dealt with aero- 
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nautical engineering education and indi- 
cated that the engineering institutes 
where this subject is taught are closely 
linked to the Russian aeronautical in- 
dustry. Indeed, the same men who 
establish the subject matter and teach- 
ing policies also have responsibilities in 
the design of new aircraft and in the 
Ministry of Production. 

There are 16,000 resident aeronautical 
engineering students in the U.S.S.R. as 
compared with our 8,000. Their cur- 
riculum is in a rough way comparable to 
a 5-year Master’s degree program at 
M.I.T., although they tend to sit 
through more lecture hours than do our 
students. They have the same special- 
ties of aerodynamics, structures, pro- 
pulsion, and automatic control. In the 
field of aircraft design, the Russians 
have 9,000 students as contrasted with 
our 6,000. Comprehensive textbooks 
are used in teaching. These are com- 
plete with respect to the present state 
of the art and therefore must be, and 
are, frequently rewritten. 

At the end of the 5'/:-year period, the 
graduate is expected to be immediately 
useful in the industry and is given no 
on-the-job training. As to his choice of 
jobs, he is given two or three possibilities 
from which he must choose, although— 
in the case of superior students—job 
assignments may be prearranged as a 
result of the contacts made during the 
student’s three industrial practice ses- 
sions. 

The aeronautical industry is con- 
trolled by a relatively small number of 
men, regarded as first class, who are 
responsible vertically for all phases of 
aircraft production. Since communica- 
tion is good among such a small number, 
the flexibility of such a system is excel- 
lent. As the technical institutes train 
engineers, the universities produce re- 
searchers and teachers. Generally 
speaking, the university graduate be- 
comes a good applied mathematician 
and is deployed as a member of a task 
force against the current scientific 
bottleneck. Thus the university gradu- 
ates, strong in mathematics, serve as 
roving theoreticians. In the field of 
fluid mechanics, they solved the prob- 
lems of transonic flow and supersonic 
flow independently of our own solutions 
of these problems. 

Professor Trilling indicated that per- 
haps Soviet dependence on such a small 
number of leaders might prove to be 
dangerous for them, since there may be 
inadequate safeguarding against major 
mistakes. He cited a German view that 
Russian engineers are competent but 
narrow and weak at making decisions. 
Could it be that the rigidity of their 
educational system suppresses any la- 
tent ability to make such decisions? 

In response to a question as to the 
effect of the heavy academic work load 
on the morale of the students, Mr. 


1956 


Korol pointed out that only their physi. 
cal endurance was limiting. When 
asked about the effect on student 
enthusiasm of the recent de-Staliniza. 
tion policy, Professor Trilling pointed 
out that enthusiasm among students js 
kept high by ‘“‘fight talks’ centered 
around beating the United States. He 
felt that changes in the party line must 
produce loss of enthusiasm, perhaps 
even cynicism, and an attitude of doing 
the minimum and ‘‘working the angles,” 
This, of course, would lead to a loss of 
creativity. 

Mr. DeWitt was asked whether Soviet 
youngsters had opportunity to acquire 
mechanical know-how in their everyday 
life, as our boys do. He replied that 
there was less day-to-day contact with 
mechanical and electrical equipment but 
more organized activity for their youth 
where such contact is deliberately 
sought. The next question asked was 
whether there is discernible any trend 
toward broader education in the 
U.S.S.R., and all three panelists re- 
sponded to this. The consensus of their 
remarks was that there is a conflict of 
interest between educators and produc- 
tion people, the former favoring broader 
education, the latter wanting immedi- 
ately useful products. It was felt that 
the ‘immediately useful’ philosophy 
would undoubtedly prevail, since the 
key production people are also in charge 
of the educational policy. 

Professor Trilling replied to a ques- 
tion on research and development activi- 
ties by citing the field of fluid mechanics, 
in which he thought the Soviets and our- 
selves came off with equal honors. On 
the development side, he pointed to 
their high-thrust jet engines and their 
jet bombers as unquestioned evidence 
of their ability to develop and produce 
aircraft. 

It also appears that Russian scientists 
and engineers make extensive use of our 
technical publications, as evidenced by 
their comprehensive abstracts of tech- 
nical papers, as well as their thorough 
cataloging system for foreign publica- 
tions. The final question asked was 
whether there might not be a consider- 
able gap between the scientists engaged 
in studying fundamental problems and 
those engineers who apply the results of 
such research to the design of aircraft, a 
case in point being the fact that there 
appears to be no Russian aircraft con- 
forming to the area rule. Professor 
Trilling agreed that such might be true 
because of the fact that their design and 
production establishments are physi- 
cally separated, and that this might tend 
to slow down the adoption of new 
features. On the other hand, leadership 
by a relatively small number of people, 
plus frequently revised textbooks, works 
toward closing this gap, and hence one 
cannot come to a definite conclusion. 


WALTER McKay, Secretary 
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Cleveland-Akron Section 


Bruce T. Lundin, Chief of the Engine 
Research Division, Lewis Flight Pro- 
pulsion Laboratory, NACA, has been 
elected Chairman of the Cleveland- 
Akron Section for 1956-1957. 

Howard F. Powders, of the American 
Steel and Wire Division, United States 
Steel Corporation, was elected Vice- 
Chairman for Cleveland. Calvin M. 
Bolster, of the General Tire and Rubber 
Company, is the new Vice-Chairman 
for Akron. 

John C. Evvard, of the NACA, was 
chosen Secretary and William A. Flem- 
ing, of the NACA, Treasurer. 

The new Advisory Board consists of 
Karl Arnstein, Raymond E. Bolz, John 
W. Ebert, Jr., James O. Gibson, Eugene 
J. Manganiello, Abe Silverstein, Ed- 
ward R. Sharp, and Charles H. Smith, 
ir. 


WiLuiaM A. FLEMING, Secretary 


Dayton Section 


Fifty members and guests met on 
April 19 to hear a discussion by J. 
Edward Taylor, of Thompson Products, 
Inc., on the subject, ‘‘Trends in Aircraft 
Mr. Taylor’s presenta- 
tion dealt with the problem of fuel sys- 
tems accessories in supersonic aircraft. 
He considered first the effect of high 
temperatures resulting from supersonic 
speeds on the fuel and what could be 
done to the fuel to alleviate problems, 
and then discussed the equipment and 
what must be done in general with that 
equipment, 


Accessories.” 


Mr. Taylor pointed out that, under 
the very high temperatures of super- 
sonic flight, fuel can crack, gum, poly- 
merize, ignite spontaneously, vaporize 
and be lost, or vaporize and be absorbed, 
to be released later in some particularly 
undesirable location; and, of course, 
heat can ruin elastomers in the system. 
Special fuels can be developed with 
superior thermal resistance, providing, 
of course, it is known just what com- 
position will provide this superior re- 
sistance. At this instant, only research 
programs are being engaged in to de- 
termine these criteria, and much work 
remains,to be done. A great deal can be 
done by way of accessory component de- 
sign to reduce their size through much 
higher-speed, higher-specific-volume 
pumps, simplification, and miniaturiza- 
tion. Obviously, the fuel available in an 
aircraft presents a vast heat sink which 
should be used for cooling other com- 
ponents, and there is optimism that 
ways will be found to use this asset. 

In all likelihood, the solution to the 
fuel system problem and supersonic 
flight will be solved through a combina- 
tion of specialized fuels and specialized 
fuel system components. 


AERONAUTICAL ENG 


NEERING REVIEW 


The Dayton Section has elected the 
following officers for next year: Chair- 
man, Gunther R. Graetzer; Vice-Chair- 


man, T. J. Keating; Secretary, Walter 
E. Stanger; and Treasurer, Frank E. 
Carroll 


W. Donald Dodd, Jr., Past Chairman, 
was named Representative to the Nomi- 
nating Committee for Area Councilors. 
The Council members are Warren Joy, 
Alfred B. Longyear, William Lankin, 
Barton E. Day, and John S. MeCollom. 

J. KeEatine, Secretary 


Satellite 


Hampton Roads Section 


A joint meeting with the Engineers 
Club of the Virginia Peninsula on May 
21 heard Capt. Alfred B. Metzger, 
Deputy Chief of Naval Research, speak 
on “The Vanguard Satellite Project.” 

Captain Metzger, an Associate Fellow 
of the IAS, outlined the previous work 
by the Office of Naval Research in high 
altitude rockets which led to the selec- 
tion of that agency to manage the tech- 
nical program of Project Vanguard. 
He described the three objectives of the 
program: to put an object into an 
orbit, to prove that the orbit has been 
established, and to gather appropriate 


scientific information. Some colored 
slides illustrated the rocket and its 
flight path. 

The rocket will be fired from the 


long-range missile test center at Patrick 
Air Force Fla., The azimuth 
must be south of east by an angle at 
least as great as the latitude of Patrick 
AFB, which is 29° north. The rotation 
of the earth produces an eastward veloc- 
ity at the launching site of 1,340 ft. per 
sec., a valuable addition to the speed of 
the rocket. 


Base, 


The Vanguard satellite will be 
launched by a three-stage propulsion 
system. The first two stages will be 


liquid-fueled rockets. The third stage 
will be a solid-fuel rocket which Captain 
Metzger said would be constructed by 
the Allegheny Ballistics Laboratory and 
the Grand Central Aircraft Company. 
The first and second stages will be sta- 
bilized by the movement of their motors 
on gimbals, and the third stage will be 
spin-stabilized. The guidance system 
necessary to direct the movement of the 
first- and second-stage motors will be 
contained in the second stage. The 
guidance system will also time the delay 
separation of the second stage and im- 
part a spin to the third stage. 

The complete configuration will be 72 
ft. long and 45 in. in diameter and will 
weigh 11 tons gross. The first stage will 
burn out and separate at an altitude of 
36 miles and an elevation of 45° and will 
fall into the ocean at a range of 230 
miles. The second stage will burn out 
at an altitude of 140 miles when one half 
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of the final velocity of 25,000 ft. per seg 
has been reached. The second and third 
stages and the satellite will coast to ay 
altitude of 300 miles, covering a surfage 
distance of 700 miles as they climb, 
The second-stage guidance mechanisy 
will impart a spin to the third stage and 
direct it into the orbit. The third stage 
will accelerate the satellite to orbital 
velocity and will separate from the 
satellite, but the tenuousness of the air 
will permit it to orbit close behind the 
satellite. 
The satellite will complete a revolu- 
tion of the earth every 90 min. and will 
cross the same latitude 22° farther west 
with each revolution. The small trans. 
mitter in the satellite will operate only 
on command of the tracking stations 
spaced around the earth for the Van- 
guard Project. Tubes will be used in 
the transmitter in spite of a slight weight 
penalty that transistors could eliminate 
because of the more advanced state of 
art of constructing tube-operated equip- 
ment. Power output will be 10 to 15 
milliwatts on a frequency of 108 me. 
Captain Metzger stated that plans 
will soon appear in amateur radio pub- 
lications showing the construction of a 
tracking receiver 
will be encouraged to build these re- 
ceivers to add to the number of measure- 
ments of the position of the satellite. 


JAMES HOLLINGER 
Publicity Chairman 


Indianapolis Section 


“Air Force Aims in Aeronautical De- 
velopment” was the topic of an address 
delivered by Brig. Gen. Marvin C, 
Demler, USAF, at the annual meeting 
April 16. An authority on planning 
processes, General Demler is Deputy 
Commander for Research and Develop- 
ment, Headquarters, Air Research and 
Development Command, U.S. Air Force. 
He was introduced by Dimitrius Gerdan, 
Director of Engineering, Allison Divi- 
sion, General Motors Corporation. 

Illustrating his speech with slides, 
General Demler compared such things 
as speed, standard of living, and manu- 
factured power versus time in years. 
The trend of the curves was approxi- 
mately that of an exponential curve 
where the curve is currently achieving @ 
steep slope. Extrapolating these curves 
leads to predictable design speeds re- 
quired in the years of the near future. 

Another interesting facet of develop- 
ment that was vividly portrayed by 
curves was the rate at which specific 
fuel consumption and weight in turbine- 
type engines has changed in the last few 
years. The curve apparently is becom- 
ing asymptotic to the abscissa, and fur- 
ther reductions in both items will be- 
come harder to achieve. 

“Technical breakthroughs”’ were key- 
noted as primary targets which must be 
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Free booklet te//s how fo... 


Add our brains and 
machines to those 
you have now... 


Here's additional 
plant capacity 
now 


1ON OF 


j 
ECHANICAL pivis 


7 


type gear assemblies 


nstrument 
sembiies oF components fine-pitch, ding and finishing 
assemble recision 
P 


optical assem 


rin 
metal cutting, 
electro-mechanical 


industrial or military 


You can avoid the pitfalls and problems of plant expansion, 
yet increase production and cut costs, by putting our experience, 
equipment and varied skills to work for you. We’re equipped to handle 
the most complex jobs from drawing board stage to final environmental 
testing. New free booklet describes our facilities, shows our products, 
names our customers. Write for yours today. 


MECHANICAL DIVISION 


or General Mills 


Dept. AR8, 1620 Central Avenue, Minneapolis 13, Minn 


strived for in the future in order to majp, 


tain technical equivalence with cop, 
petitive air powers. Excellent examply 
cited as recent technical breakthroughs 
were boundary-layer control, the fuse. 
lage area rule, and nuclear power plants 
General Demler challenged his listener 
to contribute to such breakthroughs 
saying that the impetus for technic 
advancement may come from many 
directions. 

The following officers have beep 
elected for 1956-1957: Chairman 
Robert E. Saff; Vice-Chairman, R. ¢ 
Binder; Secretary, James A. Duff: and 
Treasurer, James A. Anderson. 

E. G. Delaney, P. E. Stanley, and 
R. S. Hall were elected to the Board of 
Directors. The retiring Chairman and 
Vice-Chairman, P. N. Bright and M. ] 
Zucrow, are ex-officio members. E. M 
Howard was named Representative on 
the Nominating Committee for Area 
Councilors. 


H. E. Hetms 
Publicity Chairman 


Los Angeles Section 


The March dinner meeting featured 
a talk by Philip A. Colman, FIAS 
Chief Preliminary Design Engineer, 
Lockheed Aircraft Corporation, on 
“Development of the Lockheed 
Electra.” 

Mr. Colman noted that the question 
of choice between a turbine engine 
driving a propeller and a turbojet for 
a commercial airplane is not imme- 
diately obvious. However, a_ com- 
parison between reciprocating and 
turbine engines for commercial airplanes 
indicates the turbines to be superior 
on every count. Turbine engines will 
power tomorrow's transports, but which 
kind—pure jet or with propeller? The 
important parameters for the design 
of a commercial airplane are operating 
speed and operating economy. 

The minimum cost for medium-range 
operation appears of the order of 425 
m.p.h. speed range for the turboprop 
and 525 m.p.h. speed range for the jet. 
Thus the jet airplane has a basic 100 
m.p.h. speed advantage to compensate 
for its 20 per cent higher operating cost. 
The choice between prop and jet must 
therefore depend on the value given 
to the speed differential. 

The following factors make the 
turbopropeller more economical: 

(1) A turbine engine which has a 
static jet thrust of 2,000 Ibs. can be 
geared to a propeller and produce 
10,000 Ibs. 

(2) A jet airplane must be at least 
100 m.p.h. faster than a turboprop to 
approach the minimum 20 per cent 
differential in operating costs and thus 
requires a highly swept thin wing. 

(3) The wing-design requirements for 
high-speed flight result in an empty 
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weight 35 per cent higher for a turbojet. 

(4) The turbojet wing is less efficient 
for maximum lifting capacity, and a 
considerably larger wing is required. 

(5) The jet airplane will require at 
least 50 per cent more fuel, plus twice 
the reserve fuel. 

(6) The structural weight of the jet 
is greater, and therefore the basic price 
must also be greater. 

These factors have led the air lines 
to conclude that the jet is optimum for 
long-range use, and the turboprop is 
optimum for short-range. 

The Electra is the idealized turbo- 
prop configuration for the short-range 
operation. For its longest optimized 
design range of Chicago to San Fran- 
cisco, its take-off gross weight for 
maximum pay load of 20,600 Ibs. is 
108,000 Ibs. It utilizes four Allison 
T-56 engines, driving 13.5-ft. diameter 
propellers, giving it a cruising speed 
for its initial operation in late 1958 of 
the order of 405 m.p.h. The Electra 
is designed to have a maximum range 
sufficient for operation over a 2,500- 
mile route against 40 m.p.h. headwinds 
and with adequate reserves. 

It may make several stops without 
refueling. The Electra can carry 85 
passengers in five-abreast seating. The 
passengers plus baggage plus cargo 
give a maximum design pay load of 
20,600 Ibs. The basic design weight 
(empty) of the airplane is 53,993 lbs. 

The wing area is 1,300 sq.ft. with 
an aspect ratio of 7.5. It has an 
average thickness of 13 per cent and an 
ultimate design Mach Number of 0.8. 
The thin wing allows for stretch for 
future power plants which will ulti- 
mately give the Electra cruising speeds 
in the order of 470 m.p.h. 

The fuselage has a straight, constant 
section from just behind the cockpit to 
the lounge area. This is possible 
because the design requirement for 
this airplane is one for maximum 
utilization and minimum size. The 
fuselage has an inside diameter of 128 
in. and five-abreast seating, with seat 
and aisle widths equal to those of cur- 
rent Constellation and DC-7 airplanes. 
The airplane contains two loading 
doors, one forward and one aft of the 
wing. The forward door contains an 
integral stairway. 

The airplane is designed for both 
passenger carry-on baggage and checked 
baggage. Just aft and across from the 
passenger entrance are areas for the 
stowage of carry-on baggage. In addi- 
tion, in the most forward and most aft 
areas under the floor are spaces for 
baggage and cargo. 

The Allison T-56 turboprop delivers 
3,750 equivalent s.hp. with a cruising 
specific fuel consumption of 0.467 
lb./es.hp./hour. The engine is a 
constant-speed type, which means it 
has one r.p.m. for all flight conditions. 


IAS NEWS 


An analysis of Eastern Air Lines 
traffic shows that, for 90 per cent of 
the cumulative daily flights, the Electra 
will have a weight no greater than 
90,000 Ibs. for take-off with the 18,000- 
Ib. pay load. On a standard-tempera- 
ture day, the Electra requires 4,590 ft. 
for take-off. The normal landing 
weight for 18,000 lbs. of pay load is 
83,000 Ibs., and the airport requirement 
is 4,850 ft.; 92 per cent of all the flights 
can be completed with full passengers 
in the five-abreast version, plus pas- 
sengers in the lounge if desired. 

Cruise speed related to actual opera- 
tions shows that, on 50 per cent of the 
flights with maximum pay load, the 
cruise speed will be 406 m.p.h. or 
greater, and, on 90 per cent of the 
flights, it will be 400 m.p.h. or greater. 
It should be noted that these speeds 
will be increased with the higher- 
powered engines at a later date. 

Operating costs of the Electra with 
a standard interior are in a range of 1.2 
cents per seat-mile. The DC-6B, which 
is 90 m.p.h. slower, has an operating 
cost that is 35 per cent higher. On a 
four-abreast seating basis, regardless 
of fuselage width, the Electra is 10 
per cent better. The DC-7 is 45 
m.p.h. slower than the Electra. With 
comparable passenger comfort, the 
Electra is 50 per cent cheaper per 
seat-mile. 

The design range for optimizing the 
Electra was the area from 750 to 
1,850 miles. However, the basic de- 
sign has capabilities of flying con- 
siderably farther and can carry 20,600 
Ibs. 2,420 miles under zero wind condi- 
tions at a block speed of 361 m.p.h. 
The Electra is pressurized for operation 
at a maximum cruising altitude of 
30,000 ft. This is a relatively low 
altitude compared to that for the long- 
range jet transports. However, it is 
the maximum required and eliminates 
some of the problems which must be 
faced for the long-range jet transports. 
It is below the altitude at which serious 
consequences can result from loss of 
pressure prior to an emergency descent. 
For the medium ranges, cruise altitudes 
from 17,000 to 28,000 ft. may be 
chosen with a negligible difference in 
block speed and less than 1 per cent 
difference in direct operating cost. 
For a 100-mile flight, the take-off, 
climb, and subsequent descent from 
any altitude from 5,000 to 17,000 ft. 
will not markedly change speeds or 
costs in an air-line operation. 

The Electra design was specified 
and left the Preliminary Design Divi- 
sion of the Lockheed Corporation in 
September, 1955. The airplane is to 
fly November 1, 1957. Two airplanes 
each are to be delivered to Eastern Air 
Lines and to American Airlines with 
license August 1, 1958. 


R. G. Secretary 
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New York Section 


About 250 members and guests visited 
Brookhaven National Laboratory of the 
Atomic Energy Commission at Upton, 
Long Island, on May 12. 

After an introductory talk by H. B. 
Hansteen, the visitors were taken to the 
various facilities in buses. Guides and 
laboratory chiefs explained the intrica- 
cies of nuclear physics and engineering. 

Probably the most interesting instal- 
lations visited were the nuclear reactor 
and the cosmotron. The former is an 
atomic pile much like those used for 
power production in the commercial 
electric centers now under construction 
in various parts of the country. The 
same kind of generator is also used in 
the submarine and airplane power plants 
of the present and the near future. 
Although quite large, the nuclear reactor 
does not appear too different from an 
ordinary turboelectric power plant when 
viewed by the unitiated observer. 

The cosmotron is not a machine but 
a piece of laboratory equipment on a 
gigantic scale. In it, minute masses are 
accelerated to velocities equal to about 
98 per cent of the velocity of light. A 
visit to the hot chemical laboratory 
and to the meteorological installation 
rounded out the technical part of the 
program. 


NICHOLAS J. HOFF 
Secretary-Treasurer 


San Diego Section 
Meetings 


A paper on “The Producibility Bar- 
rier’’ was presented by Fred Monahan, 
Coordinator of Manufacturing Re- 
search and Development, Convair, San 
Diego, at the May 24 meeting in the 
Institute Building. 

Mr. Monahan spoke of the impact of 
future aircraft design upon the country’s 
ability to produce. He also emphasized 
the need for accelerated effort in de- 
veloping new materials, methods, and 
processes. New production techniques 
were discussed, and he indicated areas 
where further techniques must be de- 
veloped. As a part of his presentation, 
Mr. Monahan showed a movie which 
demonstrated some of the new produc- 
tion techniques for forming, handling, 
milling, etc. Mr. Monahan closed his 
talk with the thought that producibility 
is now behind design and that a great 
need exists for research and develop- 
ment work in the field of producibility 
as soon as design is initiated. 
> “The Navy’s Aircraft Maintenance 
Problems” was the subject of the Tech- 
nical Meeting held on May 8. The pa- 
per was presented jointly by Capt. Paul 
J. Burr, Aircraft Materiel Officer for the 
Commander, Air Force, Pacific Fleet; 
Comdr. Dean H. Swain, Aircraft Main- 


it 
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tenance Officer; and Lt. Comdr. R. T. 


Rhees, Aircraft Maintenance Work 
Load Officer. Captain Burr started the 
meeting by discussing maintenance 


problems in general and the problems of 
scheduling modifications to keep all 
aircraft up to date. He particularly 
emphasized the Navy’s present program 
of reducing aircraft time in storage and 
overhaul in order that the Navy may 
get more operational service life in 
fewer calendar years. Lieutenant Com- 
mander Rhees stressed the importance 
of incorporating maintenance improve- 
ments while aircraft are in the mock-up 
stage. He indicated that the Navy is 
placing a great deal of emphasis on this 
procedure. Commander Swain dis- 
cussed the maintenance problems in fleet 
operations. He described the problem 
of performing maintenance on a con- 
gested carrier with a heaving, rolling 
deck. 


Committee Activities 


The Membership Committee, under 
Chairman John Hopkins, is doing an 
excellent job. In September, 1955, the 
San Diego Section had 284) members; as 
of June 1, it had 323. This steady 
growth has occurred only because of the 
efforts of the Membership Committee 
and of the members at large in selling 
the advantages of belonging to the Insti- 
tute. 

The following methods are used to 
help promote membership: 

(1) Meeting rosters are reviewed 
regularly for guests’ names, and letters 
are sent to these guests inviting them to 
consider membership. 

(2) Area representatives at the vari- 
ous plants and aeronautical facilities 
serve both on the Membership Com- 
mittee and on the ticket sales activities. 
In this way they are able to keep up to 
date on new people coming into the area. 

(3) A membership chart, including 
outstanding applications, is displayed at 
each meeting. Guests are able to appre- 
ciate in this way the size of the Section 
and the current growth, and this has 
been found to encourage prospective 
members. 

(4) The Student Activities Commit- 
tee is instrumental in interesting stu- 
dents in membership, and this, it is 
found, generally furthers their interest 
after graduation. 

R. A. FUHRMAN 
Corresponding Secretary 


Seattle Section 


At the May 23 meeting, held in the 
Sand Point Officers Club, Edward R. 
Elko gave a lecture on ‘Project Van- 
guard, the IGY Earth Satellite.” 

Mr. Elko has been active in the field 
of liquid rocket propulsion since joining 
the Aerojet-General Corporation in 


1948. He is currently in charge of de- 
velopmental engineering for various mis 
sile rocket projects including Bomare, 
Aerobee, and the second-stage propul- 
sion engine for Vanguard. 

Mr. Elko stated that a minimum of 
six missiles will be fired during the 
International Geophysical year. Their 
expected life will vary from a few days 
to a few weeks. Velocity and position 
have to be very accurate, otherwise the 
missiles will spin in. 

The vehicle will consist of three stages 
of rockets and will carry a sphere, 20 in. 
in diameter and weighing 21!/, lbs., to a 
height of 300 miles. A minitrack trans- 
mitter in the sphere will telemeter a 
record of radiation properties and 
meteorite bombardment in outer space, 

Although the project is sponsored by 
the three military services, Mr. Elko 
pointed out that the basic reason for 
firing the missiles is scientific curiosity 
to gather information on outer space. 
The missiles will be fired from AFMTC, 
Cocoa Beach, Fla., starting next year. 

ELAINE GETHING, Secretary 


Texas Section 


A Correction: Alexander M. Lip- 
pisch, MIAS, who spoke. on ‘‘Airflow 
Visualization” at the February 8 meet 
ing of the Texas Section, was introduced 
as the designer of the Aerodyne. He did 
not discuss the Aerodyne, however, as 
this is a classified subject. Dr. Lippisch 
is Director of the Aeronautical Research 
Laboratory of Collins Radio Company. 


NEERING REVIEW—AUGUST, 


1956 


Tullahoma Section 


On May 15, the Tullahoma Section 
met for dinner and a discussion by Col, 
John R. Roche, Commander of the 513th 
Troop Carrier Group, Sewart Air Force 
Base, Tenn. Colonel Roche began by 
telling his experiences during the Korean 
conflict while commander of the 437th 
Troop Carrier Group. He said that 
during this Korean conflict the Troop 
Carrier Groups moved over 1 million 
tons of cargo and over 4 million men, in- 
cluding equipment drops, assault drops, 
and hospital evacuation. 


Models of the Douglas C-133 and 
Lockheed C-130 with pressurized cabin 
were on hand for inspection. 


The talk was concluded with a movie 
Pipeline in the Sky, filmed by Fairchild 
Aircraft Division and now available 
from the Air Force Library. It pictured 
troop carrier action in Europe. The 
movie showed how Fairchild C-119's 
were being used not only for assault 
training and emergency supply and 
evacuation but also to save on Air Force 
expenditures by shortening shipping 
time to combat-ready groups from sev- 
eral weeks to 2 days, thus allowing the 
groups to decrease their spare parts in- 
ventory and storage facilities, 

Officers elected for the coming year 
are Jim Delano, Chairman; Lt. Col 
Robert Lebeck, Vice-Chairman; Gene 
Hull, Secretary; and Ray Harvey 
Treasurer. 

GENE HULL, Secretar) 


STUDENT 


BRANCHES 


The Catholic University 
of America 


Chairman Nicholas Gallipoli intro- 
duced Joe Aldi, of Wright Aeronautical 
Division, Curtiss-Wright Corporation, 
as the speaker at the April 26 meeting. 

Mr. Aldi described the Wright turbo- 
compound 18-cylinder aircraft engine, 
using slides to illustrate interesting engi- 
neering features. 

A motion was passed establishing two 
Max Munk Awards to be given to two 
members who have distinguished them- 
selves in the service of the Student 
Branch here 

The following officers were elected for 
the next vear: Patrick J. 
Ferriter, Chairman; Charles Spencer, 
Secretary; Donald R. Geoffrion, Notice 
Secretary; Pete Bogan, Treasurer; and 
James R. McGrath, Inter-Engineering 
Council Representative. 

Wings over Turkey, a motion picture 
describing the growth of the Turkish 


school 


Air Force in recent years, was shown at 
the March 22 meeting. 
James R. McGratu, Secretary 


‘Georgia Institute of Technology! 


Faculty Adviser John J. Harper, 
MIAS, explained the aims and impor- 
tance of the Institute to new members 
at the April 30 meeting. 

There was a discussion of the South- 
eastern Student Conference. Ralph 
Eden, a student speaker at the confer- 
ence, urged everyone to begin work on 
projects and papers suitable for presen- 
tation next year. 

It was decided to hold the annual IAS 
picnic May 19 and a dinner meeting 
May 24. 

EUGENE C. KNox, Secretary 


Institute of Technology, USAF 


One hundred students and faculty 
members attended the May 1() meeting. 
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DESTINATION... 
UNKNOWN! 


Rockets to points in outer space! They are more than 
a dream. In fact, some morning before long you 
may wake up to find such rockets a reality. 

Right now, AC engineers, together with some of 
‘America’s top scientists, are hard at work developing 
electro-mechanical guidance systems that are 
capable of directing missiles to many points in 

outer space. 

Fantastic? Not at all. AC has built a world-wide 
reputation with outstanding contributions in the 
fields of guidance, navigation and fire control. 

AC is well on the way to development of control 
systems that can direct space-rockets on their way. 


THE ELECTRONICS DIVISION 
OF GENERAL MOTORS 
Flint, Michigan 


Milwaukee, Wisconsin 
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Two classified films were shown—an 
ARDC staff film report and a motion 
picture dealing with the B-58 bomber. 
The following Student Branch officers 
were elected for the next school year: 
Capt. Roy E. Hale, Chairman; Capt. 
G. B. Chamberlin, Vice-Chairman; Lt. 
A. A. Jancauskas, Secretary-Treasurer; 
and Capt. Raymond B. Wood, Activities 
Chairman. 
Lt. Douctas S. EGAN, Jr., USAF 
Secretary 


lowa State College 
The highlight of the May 16 meeting 


was a talk by Rial E. Rolfe, of the Loads 


Department at McDonnell 
Corporation. 

Mr. Rolfe, a graduate of Georgia 
Tech, has been in this work for the past 
5 years. His department investigates 
the structural loads created by gusts, 
aerial maneuvers, normal and arrested 
landings, catapult take-offs, etc. To 
supplement his talk, Mr. Rolfe had some 
slides and a movie showing loads-testing 
of jet aircraft operating from a carrier 
off the East Coast 


Aircraft 


MARVIN BAXENDALE, Secretary 


Kent State University 
Norm Bereit, Program Chairman, 
read his seminar paper on ‘‘Principles 


---in fuel level control valves 


For inflight refueling and fuel transfer 


applications. 


...in filters and strainers 


For the fuel, water and oil systems of 
most advanced modern aircraft. 


.-. Or in drain valves 


A wide range of ball or poppet types 
engineered to individual fluid or appli- 


cation requirements. 


Koehler, a pioneer in aircraft valves, filters 
and strainers exclusively, manufactures 
nearly 500 different aircraft products. Its 
affiliation with The New Britain Machine 
Company greatly expands Koehler facilities. 
Your inquiry and prints will receive prompt 
attention. Koehler Aircraft Products Com- 


pany, Dayton, Ohio. 


Almost every modern 
airplane relies on 
Koehler quality 


KOEHLER, 


Aircraft Products Company 
A Subsidiary of The New Britain Machine Company 


and Applications of the Ram-Jet En- 
gine’’ at the May 9 meeting. 

Most of the IAS members attended 
the Industrial Arts Department banquet 
on May 2. Three members who have 
since graduated—Jacob Berry, James 
Menough, and Michael Ramicone— 
were honored for their high scholastic 
standing. Thomas E. Baker, of Case 
Institute of Technology, spoke on 
‘Northeast Ohio: The Perennial Fron- 
tier.’’ Dr, Baker also emphasized the 
need for more high school training in 
mathematics. 

Several members attended the Cleve- 
land Air Show on April 28 and 29. 

Bob Fenning is gathering information 
for an IAS newsletter to be mailed to 
men who have graduated. 

A committee has been appointed to 
prepare a brochure on the Aviation 
Technology curriculum. 

Bob Shutak has been named Publicity 
Chairman. 

Two new members have been ad- 
mitted, Clarence Willey and Dan 
Heister. 

At the April 11 meeting, Jacob Berry 
and Jim Verba read their seminar 
papers. A. W. Dun spoke at a joint 
meeting of the IAS Student Branch and 
the University Flying Club on April 4. 

ROBERT FENNING, Secretary 


Mississippi State College 


At the last meeting of the season, May 
17, the following officers were elected 
for the next school year: Chairman, 
Donald W. Boatwright; Vice-Chairman, 
Richard N. Stone; Secretary, W. Hugh 
Parks, Jr.; and Treasurer, L. M. 
Hawwa. 

It was decided at this meeting that 
the following method of keeping in con- 
tact with the graduating members be 
devised: 

Each member, when he starts to work, 
will send two post cards, containing in- 
formation such as his address and the 
company he is working for, back to col- 
lege. One card will be filed under his 
name and the other under the name of 
the company he is working for. Anyone 
desiring to locate a college friend or to 
find out who is working at any particu- 
lar company may write to the branch 
secretary and receive this information. 
At the end of each school session, a ditto 
copy of the location, etc., of each mem- 
ber will be mailed to all members. 
The supplies and postage necessary for 
this correspondence will be financed by 
a payment of $1.00 per member at the 
time he sends in his cards. 


W. Hucu Parks, JR., Secretary 


North Carolina State College 


The Engineer’s Fair was held on April 
20 and 21, The two main exhibits pre- 
sented by the Aeronautical Department 
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DAR... 


a RA 


a long step toward the ultimate weapon 


While the “enemy” plane is still far beyond the sight of 
human eyes, this new radar system detects it. Mounted in 


y, the intercepting aircraft, it provides a continuous flow of 

ff information about the “enemy position,” electronically com- 

/ puted in terms of range and rate of closing. When visual 
yf contact has been established, the firing is controlled by the 


pilot, aided by electronic calculations. 


In developing this compact, light-weight, high-performance 
radar, RCA has achieved a notable simplification of design 
with a minimum of components. As always, reliability and 
ease of maintenance have received top consideration. A fea- 
ture is the bright radar display that permits viewing in broad 
daylight without a hood. Lock-on may be manual or auto- 
matic as the pilot desires. 


DEFENSE ELECTRONIC PRODUCTS 


RADIO CORPORATION of AMERICA 


A CAMDEN, N. J. 


OTHER MILITARY 
ELECTRONIC SYSTEMS 
DEVELOPED AND 
PRODUCED 
BY RCA INCLUDE... 


Radar: airborne, ground and ship- 
board 


Communications: from hand-sized 
transceivers to 1.2 megawatt 
transmitters 


Guided Missile Systems: includ- 
ing highly accurate tracking and 
instrumentation radar 


Fire Control Systems 
Loran 

Bombing & Navigation Systems 
Reconnaissance Systems 
Infrared Equipment 
Military Television 
Computers 
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consisted of the subsonic wind tunnel 
and a 7-ft. scale model of the Convair 
B-36 which was built by IAS members. 
A model P-51 with a pressure distribu- 
tion setup was in operation in the tunnel 
throughout the 2 days of the Fair. The 
IAS exhibits created much interest and 
no doubt played a large part in winning 
first place for the department for the 
third straight year. 

The last meeting for this school year 
was held on May 19. The speakers were 
the six members who attended the IAS 
Regional Student Conference held in 
Atlanta, Ga., on April 26 and 27. Dave 
Pierce, next year’s Chairman, opened 
the talks and was followed by Keith 
Verble, Bill Creasy, David Gurley, 
Jesse Harrell, and Prof. John J. Cleary. 
Tentative plans were discussed concern- 
ing papers and projects for the confer- 
ence next year. 

To conclude the year’s activities, the 
IAS held a picnic at Umstead State 
Park on Saturday, May 12. About half 
the members attended, accompanied by 
wives and friends. 


Jesse W. HARRELL, Secretary 


Northrop Aeronautical Institute 


Two students from Northrop Aero- 
nautical Institute won awards in the 
undergraduate paper competition at 
the Sixth Annual West Coast Student 
Branch Conference held May 3 and 4 at 
the IAS Building in Los Angeles. 

First prize went to Charles A. Yost 
for his paper entitled ‘“‘Gyroscopic and 
Variable Center-of-Gravity Forces for a 
New Design in VTO Aircraft.” Mr. 
Yost described his concept of a tivo- 
place helicopter which utilizes gyro 
scopic forces for stability and control 
and thus eliminates the usual cyclic- 
pitch mechanism. This design promises 
production cost comparable to light 
planes with performance competitive 
with conventional helicopters, according 
to Mr. Yost. 

An honorable mention award was 
created for Theodore A. Heinz for his 
paper on “The Development of an 
Experimental Liquid Oxygen-Thiakol 
Rocket Propulsion System.”’ Mr. Heinz 
described the design, construction, and 
static testing of a solid-liquid propellant 
rocket which he has built but has not 
fired. This design retains the simplicity 
of the solid-propellant rocket while 
offering performance approaching that 
of complicated biliquid propellant 
rockets, according to Mr. Heinz. 

Other schools represented in the com- 
petition were the University of Washing- 
ton, Oregon State College, Stanford 
University, and California State Poly- 
technic College. The remaining award 
in the undergraduate division, second 
place, was won by Bud C. Nelson of the 
University of Washington. 


Other activities at the 2-day confer- 
ence included tours of Garrett Corpora 
tion facilities at the Los Angeles Inter- 
national Airport and the Southern 
California Cooperative Wind Tunnel at 
Pasadena. On Thursday evening a 
panel discussion of ‘‘The Engineer’s 
Place in the Aviation Industry” fol- 
lowed reports by the chairmen of the 
Student Branches represented. The 
awards banquet on Friday night 
featured a talk by Lt. Gen. Laurence C. 
Craigie, USAF (Ret.), entitled ‘‘The 
Future Belongs to the Engineer.” 

GARLAND O. GoopwIn 
Vice-Chairman 


Oregon State College 


Fourteen members of our Student 
Branch attended the recent regional 
IAS conference held in Los Angeles May 
3 and 4 as one of the group’s annual 
activities. Since we are a considerable 
distance from Los Angeles and a field 
trip is required for graduation, the De- 
partment of Mechanical Engineering at 
Oregon State authorized a week for the 
trip. This gave time to visit various 
aeronautical facilities en route to the 
conference. 

Arrangements were made for group 
tours through Ames Aeronautical Lab- 
oratory at Moffett Field, Calif., and the 
fight-test facilities at Edwards AFB. 
Members of the senior class visited vari 
ous aircraft companies in the Los Ange 
les area for employment interviews when 
the conference was not in session. 

At Ames a tour of the High-Speed 
Research Division was arranged. Ames 
is the large aerodynamic research center 
of the NACA on the West Coast. The 
wind tunnels there work in Mach Num- 
bers ranging from subsonic to well into 
the supersonic, with one tunnel attain 
ing 3.5 times the speed of sound in an 
8 by 7 ft. test section, The full-scale 
tunnel’s test section of 40 by 80 ft. is 
one of the remarkable facilities available 
for subsonic work. It has velocities up 
to 250 m.p.h. and is believed to be the 
largest of its kind in the world. 

On the visit to Edwards AFB, which 
is located northeast of Los Angeles, some 
of the latest facilities for actual flight 
testing of aircraft were seen. The tour 
was conducted by Capt. B. Beatie, a 
graduate of Oregon State College. The 
group heard a talk by an officer in charge 
of the flight testing in which he gave the 
step-by-step outline of a complete air- 
plane flight-test program. One of the 
highlights of this tour was the witnessing 
of the high-speed rocket sled in opera- 
tion. In this test, the sled attained a 
speed of slightly over the speed of 
sound, propelled by solid-fuel rocket 
motors. 

Some of the installations visited in the 
Los Angeles area were The Garrett 
Corporation, Marquardt Laboratories, 


Southern California Cooperative Wind 
Tunnel (which is operated by the Cali- 
fornia Institute of Technology), North 
American Aviation, Inc., and Lockheed 
Aircraft Corporation. 

At the conference, two Oregon State 
members presented technical papers, 
The undergraduate paper was given by 
Rodney Hugelman on the development 
of a multichannel remote control system 
Leroy L. Presley gave a paper in the 
graduate division summarizing his thesis 
work on sharp-edged jet inlets at zero 
forward velocity. The graduate paper 
took a second place. 

On the last evening of the conference 
there was a banquet for all participating 
students and their guests. Awards for 
the winning papers were presented, and 
the conference closed with a talk by 
Lt. Gen. Laurence C. Craigie, USAF 
(Ret.), now the Vice-President of Hy- 
dro-Aire, Inc., but formerly Air Force 
Deputy Chief of Staff for Development. 
Speaking on ‘‘The Future Belongs to the 
Engineer,’ he summarized what the 
engineer means to the high technical 
level of our modern and future society. 

The annual elections took place May 
15. The new officers are Chairman, 
Robert L. Balch; Vice-Chairman, Gus- 
tavus M. Supe; Secretary, William K. 
Howell; Treasurer, Jack D. Dennon. 
Professor H. D. Christenson was elected 
Faculty Adviser of the Student Branch. 

K. HOWELL, Secretary 


Parks College 


of Aeronautical Technology 


The annual picnic, scheduled for the 
first week in July, was planned at the 
June 7 meeting. Galen Johnston pre 
sided. 

James M. Llewellyn, a student mem 
ber, gave a talk on rockets. Rockets 
were first used in the year 1232, he said 
by the Chinese. Artillery was not in 
vented until a few centuries later. A 
man named Paulet was said to have 
made the first liquid-propellant rocket 
about 1900. 

Jim discussed three features of the 
rocket—the propellant (liquid or solid), 
the injectors, and the methods of cool 
ing. 


GERALD J. PANEK, Secretary 


The Pennsylvania State University 


William Kleinbauer was 
Chairman for the coming school year 
and Robert Walacavage, Secretary- 
Treasurer, at the meeting on May 10. 
The Vice-Chairman will be chosen in 
September. 


elected 


JOEL PETERSON, Secretar} 


Polytechnic Institute of Brooklyn 


Ross Fleisig, of the Sperry Gyroscope 
Company, spoke on ‘‘Automatic Flight 
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Capital Airlines’ new fleet of Vickers Viscounts powered by the new Rolls-Royce “Dart” turbo- 
cruise at 335 mph. So quietly and smoothly, prop engine. Nickel...in alloyed materials... 
you can balance a quarter on edge. They are accounts for 6% of this engine’s total weight. 


m Rolls-Royce turboprops 
pe depend on nickel-containing alloys 


mem THE ROLLS-ROYCE “DART,” a turboprop engine Part Material 
—_ now powering Viscount airliners, has provided Compressor Assembly 
cal the airline passenger with new standards for hardened steel 
Rotating Guide Vanes ........ 4% Ni austenitic steel 
er, A smooth, quiet air travel. Most notable is the reduc- oe aa 
tion of nolse and vibration. 12% Ni-23% Cr—3% W 
austenitic steel 
Internal heat was a major problem to the Rolls- Combustion Chamber Cast 60% Ni-Cr alloy 
the Flame Tubes, and Nozzle Box “Nimonic* 75,” 76% Ni— 
of = Royce engineers who designed this engine. As in iste; moe 
poe jet engines, operating conditions in the Dart Fuel Burners Type 310 (25% Ni— 
COO th in vital parted 20% Cr) stainless 
require high strength in vital parts despiteintense turbine Assembly steel 
tar} heat...as well as exceptional resistance to high- Ist Stage Rotor Disc 18% Ni-13% Cr—10% Co 
e austenitic alloy 
temperature corrosion and oxidation. Ist Stage, 131 Rotor Blades “Nimonic* 80A,” 76% 
arsity Ni—20% Cr alloy 
Accordingly, the designers turned to nickel- 2nd Stage, 103 Rotor Blades “oa page 8 76% 
Jonted Ni—20% Cr alloy 
~~ alloyed materials for the desired properties in All Stator Blades 12% Ni-23% Cr— 
Ol yea W s itie alloy 
turbine blades, combustion liners and other key Exhaust unit 
flay 16 parts. Alloys used in the Dart are tabulated here manent Casing Se 
ype 321 stainless 
osen im because they may offer advantages to you. What- Tail Cone son Bear oA a 16% 
ever your metal difficulties, let us help you with Reduction Gears 
our wide practical experience. Send details of shaft... 
oklyn your problem, for our suggestions. austenitic steel 


*Registered trademarks 
rroscope 


“rit | THE INTERNATIONAL NICKEL COMPANY, INC. 
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Control and the Aeronautical Engineer”’ 
at the May 1 meeting. 

He defined automatic flight control as 
“those means for directing and stabiliz- 
ing the flying vehicle without pilot con- 
trol.” Two major functions of an auto- 
matic flight control system, he said, are 
the direction function, which is to get the 
vehicle from one point to the other on 
the earth, and the stabilization function, 
which is to control the vehicle in pitch, 
yaw, androll. The flight control system 
must control heading, altitude, forward 
speed, climb, and cruise as specified by 
the vehicle manufacturer. 

An example of a flight control system 
is a speed-altitude control system. The 
static pressure from the pitot tube is fed 
into a pressure pickoff, which sends an 
electronic signal to an altitude com- 
puter, which then compares the actual 
altitude to a command altitude that has 
been set into the computer by the pilot 
or programed into a missile. The com- 
puter sends a signal to the servoampli- 
fier, which in turn sends the amplified 
signal to the elevator servomechanism, 
which changes the vehicle’s pitch. The 
pressure signal is fed into this end of the 
system also to complete the closed loop. 

The speed control system uses the 
total pressure and feeds it into an air- 
speed computer, along with the static 
pressure signal from the altitude con- 
trol. This is compared with the com- 
mand speed, and a signal sent to the 
servoamplifier which controls the throt- 
tle servo, which affects the vehicle’s 
speed. The pressure is fed back into the 
system at this point to again close the 
loop. 

In a missile, the flight control system 
assumes the entire burden of control 
since there are no human monitors. 
The designers of the system must know 
the trajectory the missile is to fly. This 
depends upon the requirements of the 
missile performance. This, in turn, de- 
pends upon the tactical considerations 
involved. 

In the design of such systems, the 
aeronautical engineer defines the air- 
frame characteristics and studies the 
overall requirements of the closed loop. 
> “Flight Testing’ was the subject of 
a talk at the April 10 meeting by Lynn 
E. Radcliffe, of Grumman Aircraft 
Engineering Corporation. He outlined 
the main objectives of the Flight Test 
Department and traced the historical 
development of flight testing from the 
beginnings of powered flight to the pres- 
ent day. 

The work done by the Flight Test 
Department today is divided into two 
different periods. The first period 
covers the time from the beginning of an 
airplane’s design to the time when 
production models are first delivered. 
During this period, members of the 
Flight Test Department must educate 
themselves as to the new features of the 


airplane, schedule tests in coordination 
with the various engineering depart- 
ments, determine instrumentation re- 
quirements, set up data-reduction and 
analysis methods, coordinate the flight 
testing with the shops to provide shop 
support for the program, conduct the 
tests, and issue reports on the results of 
the tests. 

The second period follows the aircraft 
through its production program and 
the various improvements made on the 
production aircraft. Some of the prob- 
lems concerning the Flight Test Depart- 
ment are evaluation of major aerody- 
namic and power-plant modification, 
development programs to improve me- 
chanical systems and flight performance, 
and evaluation of new external stores 
and electronic equipment. 

Soon after the first flight of the Wright 
brothers’ airplane, flight testing began. 
The first aircraft needed only the basic 
questions answered: Would it fly? 
Could it be made to turn? ete. Quanti- 
tative results were of minor importance. 
Even after World War I, when aircraft 
performance had become of great inter- 
est, the only instruments available were 
an air-speed indicator, an altimeter, and 
an engine r.p.m. indicator. It was not 
until the 1930's that some of the larger 
companies began to place reliance upon 
instruments for flight testing. Engine 
temperature and manifold pressure 
measurements were introduced. In 
large aircraft, flight engineers recorded 
test data in flight. 

By the 1940’s, the need for both bet- 
ter recording instruments and profes- 
sional test pilots with formal engineering 
education became apparent. The war 
prevented too many technique improve- 
ments, since the accent was on getting 
the airplanes into service. After the 
war, many new developments, including 
telemetering and the use of electronic 
accelerometers, allowed much more 
accurate information to be recorded. 
This was necessary because the manu- 
facturers soon found that their airplanes 
were outstripping theoretical knowledge. 
This forced flight testing to assume a 
more fundamental nature. 
> A chapter of the national honorary 
aeronautical fraternity, Sigma Gamma 
Tau, has been formed at Polytechnic 
Institute of Brooklyn. Elected as its 
first President was Frank H. Schlee, 
Vice-Chairman of the IAS Student 
Branch. 


HOWARD BAUM 
Recording Secretary 


Purdue University 


Forty-one members attended the last 
meeting of the season on May 22. 

The following officers were elected for 
the fall term: Chairman, Dave Cling- 
man; Vice-Chairman, George Koland; 
Secretary, William Leach; Treasurer, 
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William Swoger; and Faculty Adviser, 
P. E. Stanley. 

The meeting closed with the showing 
of an historical movie on aviation, We 
Saw It Happen. 

B. LEAcH, Secretary 


Rensselaer Polytechnic 
Institute 


The Annual Scholastic Award was 
presented to Robert M. Bowman, ’56, 
at the final meeting of the year on May 
15. 

The speaker of the evening was L. 
Sullivan, Assistant Head of Preliminary 
Design, Grumman Aircraft Corporation, 
His subject was ‘‘Design of Aircraft.” 

Mr. Sullivan stated that the two basic 
problems of preliminary design are to 
decide what can possibly be included in 
a design from a given state of the art and 
to determine if a reasonable airplane can 
be obtained from military specifications, 
He then explained how the gross-weight 
factor is most important in deciding 
whether a design is reasonable. Cost, 
compatibility with existing facilities, 
and man-hours required to produce an 
aircraft can be estimated from the gross- 
weight factor. The gross weight at take- 
off can be split into structural, fuel, 
power-plant, and ‘‘job’” weights. Mr. 
Sullivan explained the constituents of 
each of these elements. For example, 
the ‘‘job’’ weight consists of pay load, 
equipment, and the crew and their pro- 
visions. The importance of charts of 
past results in estimating these ele- 
ments was discussed. Mr. Sullivan 
also considered developments which 
influence the weight elements, such as 
the use of a nuclear engine, which would 
radically decrease the weight of fuel 
but increase the engine weight per 
pound of thrust. 

ROBERT E. KELLY 
Secretary-Treasurer 


San Diego State College 


Officers for the fall term were elected 
at the May 22 meeting. Norman Huff 
was elected Chairman; Chase Allen, 
Vice-Chairman; Michael D. Chilcote, 
Secretary; and Irving Gere, Treasurer. 

A film on the Nike guided missile was 
shown. Several members described 
their experiences at the West Coast 
Student Conference in Los Angeles. 

Several members volunteered to as- 
sist in cataloging technical magazines 
in the IAS library in the San Diego 
headquarters of the Institute during the 
summer. 

The Sky Is No Limit, a film showing 
the firing of an experimental rocket at 
Holloman AFB, was presented at the 
May 8 meeting. 

MICHAEL D. CHILCcoTE, Secrefary 
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Are you the 
engineer who 

can move in 
fast company ? 


If you're the sort of engineer who’s happiest 
when he’s setting the pace, you might do well 
to scan the list of jobs now open at Lear—a 
company that’s blazed the way in filling the 
precision needs of aviation. You will receive 
a prompt reply by writing to Don Cook, 
Dept. E-2. 3171 South Bundy Drive, Santa 
Monica, Calif. Excellent openings available 
in Grand Rapids, Michigan; Cleveland, Ohio; 
Arizona; Santa Monica, California. 


Aerodynamics 
Aeronautical design 
Aircraft electrical systems 
Automatic flight controls 
Computers 
Communications (aircraft) 
Electro-mechanics 
Electronic packaging 
Flight reference systems 
Flight instrumentation 
Fractional H. P. motors 
Gyroscopes 

Hydraulic systems 
Magnetic amplifiers 
Missile controls 
Navigation systems (aircraft) 
Process engineering 
Pumps (aircraft and industrial) 
Quality control 

Radar 

Servo mechanisms 
Systems analysis 

Test equipment design 
Transistorized circuitry 


LEAR 


IAS NEWS 


Tri-State College 


The spring banquet was held on May 
21, with A. H. Cronkhite, Chief of 
Production Engineering, Aero Design 
and Engineering Company, as the guest 
speaker. He described various types 
of commercial aircraft, pointing out the 
advantages of executive aircraft for use 
by businessmen. He invited the stu- 
dents to go up for a demonstration ride 
in the Aero Commander, saying he 
would make a plane available at the 
local airport the following day. A com- 
pany movie entitled Oklahoma City was 
shown, 

New officers for the fall term were 
introduced at the banquet: Roland 
“Speed” Harman, Chairman; Don 
Dupre, Vice-Chairman; Dick Callaway, 
Secretary; and Don Boyer, Treasurer. 

A motion picture, PBM-3 Wing 
Destruction Test, was presented at the 
May 17 meeting. James Chapman 
presided, 

R. JULES DUSSIA 
Vice-Chairman 


University of Alabama 


William Caudle presided at the May 
8 meeting. Discussion was centered on 
the IAS picnic to be held at Moundville 
May 12. It was decided to elect officers 
for next fall at the picnic. 


J. O. NicHots, Secretary 


University of Florida 


Harold Luskin, FIAS, of Douglas 
Aircraft Company, Inc., was the speaker 
at the April 24 meeting. He is As- 
sistant Chief—Aerodynamics, of the 
Santa Monica Division. 

Mr. Luskin was introduced by Fac- 
ulty Adviser John W. Hoover, MIAS, 
who said that, after working on many 
military planes, Mr. Luskin was now 
more concerned with guided missiles and 
hypersonic flight. 

The problems that Mr. Luskin dis- 
cussed were the combination of range 
with high-speed flight and the preven- 
tion of damage inflicted on jet engines by 
loose debris. 


In his discussion of combining range 
with high-speed flight, Mr. Luskin 
compared subsonic, supersonic, and 
hypersonic flight characteristics in re- 
spect to fuel heat values, engine effi- 
ciency, and lift-drag ratios. Using 
graphs and illustrations, Mr. Luskin 
showed that the range of airplanes drops 
enormously in the supersonic regime, 
making the airplane impractical at 
hypersonic speeds. On the other hand, 
the range of rockets in the hypersonic 
region increases with the square of the 
velocity according to the formula, 
R= \?/2g, where R is range, V is veloc- 
ity, and g is the acceleration of gravity. 
Commercially speaking, Mr. Luskin 


9] 


showed that only subsonic transports 
will be economically sound. However, 
he voiced the opinion that the future 
might bring some revolutionary ad- 
vances that will push air transport into 
the supersonic and hypersonic ranges. 

The second topic that Mr. Luskin 
discussed was the problem of preventing 
debris from being sucked into a jet en- 
gine while it is in operation, either on 
the ground or in the air. The debris is 
carried to the engine by the forces of 
strange types of vortices created by the 
suction of the engine. These forces 
have never been calculated, and en- 
gineers have not been able to solve the 
problem of neutralizing them. Mr. 
Luskin showed a series of slides illus- 
trating both the vortices and the inten- 
sive research that is now being con- 
ducted on the problem. The slides 
pointed out the fact that the vortices 
form not only between the engine and 
the ground but also between two en- 
gines that are placed close together in 
the air. Mr. Luskin stated that the 
problem of the vortices is becoming 
more acute because the latest designs 
are placing jet engines close to the 
ground. 

In conclusion, Mr. Luskin mentioned 
that aviation is presenting a new series 
of problems to the engineer. He 
stated that, contrary to some beliefs, 
the field of aviation is just beginning to 
open new frontiers. 

The meeting closed with a color film 
entitled X Minus Zero. Released by 
The Glenn L. Martin Company, it 
showed the launching and advance prep- 
arations of a TM-61 Matador guided 
missile at Patrick AFB, Cocoa, Fla. 

Joun Davip ANDERSON 
Recording Secretary 


University of Kentucky 


For the May meeting, the seniors 
invited all members of the Student 
Branch and their guests to a garden 
party at Dr. Karl O. Lange’s farm near 
Lexington. 

Since it was the last affair of the year, 
it was decided to have a picnic instead of 
a technical meeting for the purpose of 
attracting new members and to provide 
an opportunity for the graduating and 
nongraduating members to get together 
for the last time. 


WALTER J. BLackson, Secretary 


University of Maryland 


Robert Beale, Lead Rocket Propul- 
sion Engineer on the Vanguard Project 
for The Glenn L. Martin Company, 
spoke about the earth satellite at the 
May 15 meeting. Since much of the 
project is classified, he discussed the 
Viking rocket vehicle as an example of a 
similar type of rocket. The speaker 
was introduced by Arthur Guess, a for- 
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mer professor at the University of Mary- 
land who is now employed by The 
Glenn L. Martin Company. 

Mr. Beale began his talk by describ- 
ing the physical specifications of all 
three stages of the Vanguard Project 
and the Viking rocket. He then dis- 
cussed the flight path of the Vanguard 
vehicle and its guidance system. He 
said the satellite would have an ellip- 
tical orbit and a period of about 90 
min. Mr. Beale then discussed the per- 
formance, guidance, and purpose of the 
Viking rocket. 

After the talk a motion picture, 
Horizon Unlimited, was presented. 
This film, produced by Martin, depicted 
the history of the Viking rocket. 

Next year’s officers were elected at 
this meeting: Chairman, Tom Finch; 
Vice-Chairman, Paul Fisher; Secretary, 
Gail Wisser; and Treasurer, Braxton 
Dunn. 

H. E. Hunter, Secretary 


University of Michigan 


Stan Smith, who represented this 
Student Branch at the Detroit Sec- 
tion’s Student Conference at University 
of Detroit, read his paper on ‘‘An 
Atomic-Powered Ram-Jet”’ at the May 
8 meeting. 

Students who went to Detroit for the 
conference were guests of the Michigan 
faculty at the banquet. 

Four new members joined the Student 
Branch at this meeting. Don Lascody 
led a discussion of flying clubs. May 
19 was set as the date for the annual 
IAS-Faculty picnic. 

FRED STEGENGA, Secretary 


The University of Oklahoma 


Hope Biggers and John Jones, of the 
Civil Aeronautics Authority, spoke on 
“Some Considerations in Aircraft De- 
sign’’ at the May 8 meeting. They de- 
scribed present and probable future 
trends and conducted a discussion 
period. Forty members and _ guests 
were present. 

Jerry Mrazek was announced as win- 
ner of the annual Lecture Award, and 
Warren Adam received the Scholarship 
Award. 

Officers elected for next year were 
Jim Biggers, Chairman; Joe Noyes, 
Vice-Chairman; and Dick Brace, Secre- 
tary-Treasurer. 

THOMAS B. SHOEBOTHAM 
Secretary-Treasurer 


University of Pittsburgh 


Richard Huppertz, Secretary of the 
Pittsburgh Soaring Association, spoke 
on ‘Flight Without Power” at the May 
3 meeting. He covered the history and 
development of the sailplane and ex- 


plained how it obtains lift from the air 
currents. 

These new officers have been elected: 
Donald Rooney, Chairman; Raymond 
Dishong, Vice-Chairman; Dennis Neu- 
man, Corresponding Secretary; and 
Marian Sample, Recording Secretary 
and Treasurer. 


Joun M. VASILAUSKAS, Secretary 


University of Wichita 


Alan Pope, Supervisor of the Experi- 
mental Aerodynamics Division of San- 
dia Corporation, spoke on ‘“‘Some Ex- 
periences with Atomic Weapons” at 
the May 14 meeting. 

He said that his company, which is 
concerned with the production of atomic 
weapons, is interested in hiring any en- 
gineer who can obtain the proper 
security clearance. 

Besides weapon shape and bomb-bay 
design, the work done by an aerody- 
namicist at Sandia includes study of the 
reflection and refraction of the shock 
wave created by an atom bomb. This 
shock wave can vary as much as 3,000 
to 1, depending on whether it is concen- 
trated or dispersed by atmospheric 
conditions. 

After his talk, which was intended to 
“bring us out of the closet’’ concerning 
atomic weapons, Mr. Pope showed a 


1956 


film, Operation Sandstone, which dealt 
with the preparations preceding the 
sixth, seventh, and eighth atom bomb 
tests on Eniwetok. 

The Scholastic Award of the IAS 
Student Branch was presented to Walt 
Keeler, Forty-five members and guests 
attended the meeting. 

WARREN CHICHESTER, Secretary 


West Virginia University 


Papers on ‘‘Automatic Pressure- Meas. 
uring Devices in High-Speed Wind 
Tunnels” and ‘Missiles’ were presented 
by Dick Hamilton and Don Brown, re- 
spectively, at the May 16 meeting, 
Donald Peters presided. 

The following officers were elected for 
next year: Steve Lewellen, Chairman: 
Fred Sachs, Vice-Chairman; William 
Smith, Secretary-Treasurer; Calvin 
Wilson, Corresponding Secretary; and 
Leon Z. Seltzer, AFIAS, Head of the 
Aeronautical Engineering Department, 
Honorary Chairman. 

At the May 2 meeting, Ray Herring 
presented a paper on ‘Problems of 
Space Travel’? and Richard Walters 
read his paper on “‘The Flow of Air over 
Airfoils at Low Reynolds Numbers.” 

KENNETH CONN 
Corresponding Secretary 


MEMBERS ELECTED 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the Review 


Elected to Associate Fellow Grade 


Dane, Paul H., Ae.E., Col., USAF; 
Prof., Thermodynamics, USAF Academy, 
Lowry AFB 

Famme, Joseph H., Asst. Chief Engr., 
Convair, San Diego, A Div. of General 
Dynamics Corp 

Latimer-Needham, C. H., M.Sc., 
Engrg., Chief Executive, Aero. & Engrg. 
Divs., R.F.D. Co., Ltd. (England). 

Lipp, James E., Ph.D., Tech. Asst. to 
Dir.— Devel. Planning, Lockheed Aircraft 
Corp. (Burbank 

Walsh, James E., B.S., Sr. Group Engr. 
“A,” Supvr., Struct. Dynamics Unit, 
Boeing Airplane Co. (Seattle). 

Wazelt, Friedrich G., Dipl. Ing., Proj. 
Engr., Lycoming Div., AVCO Manu- 
facturing Corp 

Zimmerman, Don Z., M.S. in Ae.E. 
(Meteorology), Brigadier Gen., USAF, 
Deputy Dir.—Devel. Planning, Hq 
USAF. 


Transferred to Associate Fellow Grade 


Bloom, Martin H., Ph.D., Assoc. Prof., 
Dept. of Aero. Engrg. & Applied Mech., 
Polytechnic Institute of Brooklyn. 


Brull, Maurice A., Ph.D. in AeE, 
Head, Analytical Method Group, Struct 
Sect., Bell Aircraft Corp. 

Fuhrman, Robert A., M.S. in Engrg., 
Chief, Tech. Sect., Ryan Aeronautical Co. 

Ivanovic, Nicholas P., B.S.M.E. (Aero.), 
Tech. Dir., Naval Ship Installation Test 
Facility. 

Lundin, Bruce T., B.S., Chief, Engine 
Research Div., Lewis Flight Propulsion 
Lab., NACA. 

Meyer, Corwin H., Sr. Engr. Test 
Pilot, Grumman Aircraft Engineering Corp. 

Tydon, Walter, Chief Engr. & Dept. 
Head, Fairchild Aircraft Div., Fairchild 
Engine & Airplane Corp. 

Tyler, Ronald A., B.S., Sr. Research 
Officer, Natl. Research Council of Canada. 

Wackelin, Harold L., B.S. in Ae.E. 
(M.E.), Sr. Engr., Cook Research Labs. 
Div., Cook Electric Co. 


Elected to MEMBER Grade 


Achurch, Harold W., Design Engr., 
McDonnell Aircraft Corp. 

Adamson, Arthur P., B.S.M.E., Mgr., 
Advanced Rocket Engrg., General Electric 
Co. (Schenectady). 
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Ali, Sheikh Tabarak, B.S.M.E., Flight 
Lt., Pakistan Air Force; Instructor— 
Aero. Engrg., Pakistan Air Force College 
(Pakistan). 

Ames, Jimmy R., B.A., Computations 
Engr., Temco Aircraft Corp. 

Ashford, William H., Jr., B.S., Capt., 
USN; Executive Dir.—Field Activities, 
BuAer (Wash., D.C.). 

Baer, Clarence L. H., B.S., Asst. Supvr., 
Weight Engrg. Dept., Northrop Aircraft, 
Inc. 

Bailey, Austin J., Jr., B.S., Engrg. Test 
Pilot, Minneapolis-Honeywell Regulator 
Co. 

Barnes, Hubert D., Mgr.—Defense 
Products, A. O. Smith Corp. 

Boelkow, Ludwig, Dipl. Ing., Chief & 
Consulting Engr., ‘‘Ingenieurburo Dipl. 
Ing. Boelkow’’ (Germany). 

Botman, Matthias, Ae.E., Dynamics 
Engr., Canadair Ltd. 

Botsford, Glenn R., B.C.E., Experi- 
mental Test Pilot, Boeing Airplane Co. 
(Wichita). 

Budinger, Raymond E., M.S.A.E., Tech. 
Engr., General Electric Co. 

Burnett, John R., B.S., Sales Group 
Engr., Vickers Inc. 

Carmody, Charles W., Civil Aviation 
Adviser to Government of Greece, Inter- 
national Civil Aviation Organization, 
Co. Hq., Canada. 

Christgau, Merton A., B.E.E., Engr.— 
Design, Autonetics Div., North American 
Aviation, Inc. (Downey). 

Collis, Martin E., Jr., B.S. in Ae.E., 
Group Sr. Engr. & Experimental Test 
Pilot, Temco Aircraft Corp. 

Curran, John J., Gen. Mgr., Curran 
Machine Works. 


Davies, Ralph L., B.S.M.E., Wash- 
ington Rep.—Military Sales, Curtiss- 
Wright Corp. 

Davy, Samuel J., B.S.E.E., Asst. Chief 
Engr., Proj. Engrg., American Bosch 
Arma Corp. 

Dennis, Joseph, Jr., Field Service 
Engrg. Rep., Convair, San Diego, A Div. 
of General Dynamics Corp. 

Deno, Don W., B.E.E., Proj. Engr., 
General Electric Co. (Schenectady). 


Dickson, Roger S., Design Engr., Pre- 
liminary Design Dept., Lockheed Aircraft 
Corp. (Burbank). 


Dittoe, Charles L., M.S., Group Leader 
—Experimental Test Proj. Control, Alli- 
son Div., General Motors Corp. 


Drinkwater, Fred J., III, A.B., Aero. 
Research Pilot, Ames Aero. Lab., NACA. 


Ehrenpreis, David B., M.S., Owner & 
Consulting Engr., David Ehrenpreis, 
Consulting Engineers. 

Ellis, Roger T., M.E., Sales Engr., 
Curtiss-Wright Corp. 


Emmy, Frank, Asst. Head—Engrg. De- 
sign & Shops, Cornell Aeronautical 
Laboratory, Inc. 


Esenwein, Fred T., M.S.M.E., Sr. Proj. 
Engr., Allison Div., General Motors Corp. 

Fallis, William B., Ph.D., Proj. Aero- 
dynamics Engr., Convair, A Div. of 
General Dynamics Corp. 


IAS NEWS 


Here is the versatile 
Pastushin Slug Rivet 
that gives absolute 
Fluid-Tight 


This photomachrograph of 
a sectioned specimen 
illustrates the sealing 
principle of the Pastushin 
Slug Rivet. Standard 

sizes 5/32”-3/16”-1/4” 

... other sizes available. 


The Pastushin fluid-tight slug rivet seals automatically. 
The exclusive fluid-tight seal is accomplished by the 
extrusion, or flow, of the .004 wall 1100 aluminum 
alloy sleeve into possible leak areas of the hole when 
the rivet is expanded during driving. Positive sealing 
is accomplished without the addition of foreign seal- 
ing agents. 


Because Pastushin Slug Rivets do not have preformed 
heads, uniform flow of rivet shank material in the 
flush head and upset end is assured during the driving 
process. 


a fn, PASTUSHIN REPLACEMENT RIVETS: For production 

or field maintenance, three types are available, 

: Ommy Jacket, Washered, and Washer-Jacketed. Like 

iM the slug rivet, they are fluid-tight, have full rivet 

+ Ra strength and are easy to install with conven- 
ss tional tools and methods. 


Write for Slug Rivet catalog 
PI-5 and No. PA-3 for details 
ah on the Pastushin repair kit. 


PASTUSHIN /ndustries Inc. 


5651 WEST CENTURY BOULEVARD, LOS ANGELES, CALIFORNIA 


Developers and Manufacturers of Aircraft Fasteners 


PASTUSHIN AVIATION CORP., Los Angeles, California 


HAWAIIAN AIRMOTIVE, LTD., Honolulu, Hawaii 
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Fasken, Sydney D., M.S.M.E. (Aero.), 
Facilities Engr., Marquardt Aircraft Co. 

Foelsch, George F., B.S. Design 
Specialist, Convair, San Diego, A Div. of 
General Dynamics Corp. 

Gates, Willis E., Armament 
Northrop Aircraft, Inc. 

Geis, Robert W., M.S.E.E., Sr. Aero- 
physics Engr., Convair, Ft. Worth, A 
Div. of General Dynamics Corp. 

Gonter, Raymond J., B.S.M.E., Group 
Engr. I, The Glenn L. Martin Co 

Griffin, I. Bill, B.S.M.E., Design Engr., 
McDonnell Aircraft Corp 

Guentery, Donald C., M.S. in Ae.E., 
Aero. Research Scientist, NACA (Cleve- 
land). 

Haas, Donald P., M.S., Research Lab. 
Analyst, Douglas Aircraft Co., Inc. 

Hamilton, William W., M.S. in Engrg., 
Dynamics Engr., McDonnell Aircraft 
Corp. 

Hammack, Jerome B., BS. in Ae.E., 
Aero. Research Scientist, Head, Flight 
Propeller Research Group, Special Proj. 
Branch, Flight Research Div., Langley 
Field, NACA. 

Hammon, Robert L., B.M.E., Engrg. 
Sect. Head, Sperry Gyroscope Co. 

Havens, Dale E., B.S. in Architectural 
Engrg., Design Specialist, Douglas Air- 
craft Co., Inc. (Santa Monica). 

Hawks, Virgil D., Aero. Engr.— Design, 
Hughes Aircraft Co. 

Heines, Jean M. H., MS.A-E., Re- 
search Officer, ‘‘Low-Temperature Lab.,”’ 
Mech. Engrg. Div., Flight Research 
Sect., National Research Council, Na- 
tional Aeronautical Establishment 
(Canada). 

Henry, Arthur J., B.S., Power Plant 
Design Engr., Fairchild Aircraft Div. 
Fairchild Engine & Airplane Corp. 

Hill, Joseph F., B.S.M.E., Chief Engr., 
Aircraft Auto Div., Surface Combustion 
Corp. 

Hosford, Norman F., MS. Chief 
Engr., Engrg. Dept., Pioneer Central 
Div., Bendix Aviation Corp. 

Howling, Leonard, Engr. ‘‘B,”’ Canadair 
Ltd. 

Hoy, James M., B.S.C.E., Sr. Group 
Engr. “A,” Stress Unit, Boeing Airplane 
Co. (Seattle). 

Hughes, Frederick J., Chief Proj. Pilot, 
Air Arm Div., Westinghouse Electric 
Corp. 

Hurlburt, Charles E., B.E.E., Asst. 
Chief Engr., Eclipse Pioneer Div., Bendix 
Aviation Corp. 

James, Harold F., M.A., Proj. Dir., 
Harvey Machine Co., Inc. 

Klabunde, William A., B.S., Aero- 
dynamicist, Northrop Aircraft, Inc. 


Engr., 


Klein, Howard L., B.M.E., Sr. Stress 
Engr., Vertol Aircraft Corp 

Lakner, Armand A., B.S.E.E., Lead 
Engr., Cessna Aircraft Co. 

Landahl, Marten T., Tech. Lic., Sr. 
Research Scientist, Aerodynamics, Aero- 
nautical Research Institute of Sweden. 

Leutzinger, Rudolph L., M.S., Asst. 
Prof., Univ. of Kansas. 


NEERING REVIEW 


Lighner, W. Scott, B.S., 
Fairchild Aircraft Div., 
& Airplane Corp 

Luton, William B., B.S., Lead Designer, 
Chance Vought Aircraft, Inc 

MacNeal, Richard H., Ph.D., R&D 
Specialist, Lockheed Aircraft Corp 

Maki, Albert, B.S.M.E., Chief Liaison 
Engr., Advanced Devel. Div., AVCO 
Manufacturing Corp. 

Marks, Thomas R., MS. in Ae.E., 
Supervising Engr., AGT Div., Westing- 
house Electric Corp 

Marshall, Francis J., Dr. Engrg. Sc., 
Sr. Aero. Engr., Univ. of Chicago. 

Marshall, Waldo B., II, B.S. in C.E., 
Struct. Engr., Fairchild Aircraft Div., 
Fairchild Engine & Airplane Corp 

McCunney, Stanley J., Jr., BS. in 
M.E., Sr. Engr., Convair, A Div. of 
General Dynamics Corp. 

McDonnell, Robert H., Sr. Engr., 
Weapon Systems Evaluation Sect., The 
Glenn L. Martin Co 

McHugh, Donald P., B.M.E., Design 
Engr., Jet Engine Dept., AGT Div., 
General Electric Co 

McMahon, John R., Jr., B.S. Engrg., 
Market Specialist, General Electric Co 
(Evendale 

McMurtrey, Lawrence J., B.S., Group 
Engr., Power Plant Staff, Boeing Airplane 
Co. (Wichita 


Metallurgist, 
Fairchild Engine 


Miller, Chester W., B.A.E., Proj 
Aerodynamicist, McDonnell Aircraft 
Corp 


Miller, Robert A., B.S.E.E., Engrg 
Rep., Meletron Corp 

Nickerson, Douglas B., Proj 
Engr., Hydro-Aire, Inc. 

Nixon, Richard M., A.A., Design Engr., 
North American Aviation, Inc. 

Olsson, Carl O., Sr. Research Engr., 
Lockheed Aircraft Corp. (Marietta) 

Opremcak, Stephen M., Jr., B. of Ae.E., 
Sales Engr. & AGT Specialist, General 
Electric Co. (Dayton) 

Orlow, Max R., M.S., Mech. Engr. & 
Designer, Diamond Tool & Die Co. 

Page, Robert H., Ph.D., Research 
Engr., Esso Research & Engineering Co. 

Parenti, Carl F., M.E., Group Engr., 
Hydraulic & Pneumatic System, Republic 
Aviation Corp 

Pratt, Dan E., B.A.E., Proj. Aerodynam- 
ics Engr., Convair, Ft. Worth, A Div. of 
General Dynamics Corp. 

Press, S. James, M.S., Research Engr., 
Douglas Aircraft Co., Inc. 

Rausch, Charles J., B.S. in M.E., 
Proj. Sales Engr., Lockheed Aircraft 
Corp. (Burbank 

Ray, Jack B., B.S., 
Engr., Frye Corp 


Power Plant Group 


Rein, John A., B. of Engrg., Experi- 
mental Officer—Free Flight Research, 
High-Speed Aerodynamic Lab., Dept. of 
Supply, (South Austrdlia). 

Ruggiero, Ralph J., B.S. Supvr 
Flutter & Aeroelasticity, North American 
Aviation, Inc. (Downey). 

Russ, Daniel G., B.M.E., General Mgr., 
Aviation Div., CDC Control Services, Inc. 
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1956 


Schmitt, Alfred F., Ph.D., Dynamics 
Engr., Ryan Aeronautical Co 

Scott, Clayton W., B. of Business 
Admin., Aero. Research, Devel. & Design 
Engr., Design Sect. Head, U.S. Naval 
Air Station (Lakehurst). 

Sevcik, Joseph K., M.S.M.E. & MS 
in Ae.E., Specialist, Jet Engine Dept. 
AGT Div., General Electric Co 

Shepherd, Seldon G., Jr., BSCE, 
Engr., Struct., North American Aviation, 
Inc 

Shillito, Thomas B., B.S. in Ae.E, 
Aero. Research Scientist, NACA (Cleve. 
land ). 

Smith, George W., M.S., Systems Ana- 
lyst, Ryan Aeronautical Co 

Smyth, Samuel J., B.S.M.E., Design 
Engr. ‘“‘A,”” Lockheed Aircraft Corp 

Snyders, Pieter W., B.Sc., Sr. Design 
Engr., Nuclear Proj. Office, Convair, 
San Diego, A Div. of General Dynamics 
Corp. 

Stamps, Floyd M., Proj. Weight Engr., 
McDonnell Aircraft Corp. 

Steuer, Guenter, Proj. Engr. Jet 
Propulsion Lab., California Institute of 
Technology. 

Stinnett, Wayne D., B.S. in Engrg, 
Proj. Engr., Aerojet-General Corp 

Stratton, William T., M.S. in Physics, 
Experimental Test Pilot, Hughes Aircraft 
Co. 

Streid, Dale D., B.S. in M.E., Mer— 
Preliminary Design, Jet Engine Dept., 
General Electric Co. (Evendale) 

Swearingen, Dwight F., Engr., North 
American Aviation, Inc. 

Tagliaferri, Giovanni, Laurea in Ing 
Aero., Ispettore Superiore, Chief of 
Offices, Registro Aeronautico Italiono 

Tharp, David H., B.S. in M.E., 
Engr., McDonnell Aircraft Corp 

Tower, Leonard K., B.S.M.E., Aero 
Research Scientist, NACA (Cleveland 

Trimpi, Allan W., B.C.E., Struct. Engr., 
Northrop Aircraft, Inc. 

Unangst, John R., BS.M.E., Aero 
Research Scientist—Vibration & Flutter, 
Langley AFB, NACA. 

Van Der Bliek, Jan A., Ing. Dipl., Asst 
Research Officer, National Research Coun- 
cil (Ottawa). 

Van Emon, Clair E., B.S., Tech. Staff 
Member, The Ramo-Wooldridge Corp 

Van Heest, Roland J., BS., Devel 
Engr. ‘‘A,’”’ McDonnell Aircraft Corp 

Voskamp, Leonard W., Group Engr., 
McDonnell Aircraft Corp 

Walker, Duncan P., B. of Ae.E., Sr. 
Flight Test Engr., North American Avia- 
tion, Inc. (Downey). 

White, John R., M.S. in Ae.E., Mgr.— 
Sales Engrg., Fenwal, Inc. 


Design 


Wieners, D. Curtiss, Sr. Liaison Engr., 
ACF Industries, Inc. 

Woodhull, Albert S., M.S.M.E., Engr 
in Charge—Wind Tunnel Lab., Clifford 
Manufacturing Co. 

Woolwine, Woodrum E., B.S, Chief 
Design Engr., Northrop Aircraft, Inc 

Yaeger, H. Charles, Works Mgr., Pesco 
Products Div., Borg-Warner Corp 
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Young, Pearl I., Asst. Prof., Penn- 
sylvania State University. 


Transferred to MEMBER Grade 


Armstrong, Edward A., B.S. in C.E., 
Devel. Designer, Chance Vought Aircraft, 
Inc 

Barnes, John C., B.S.M.E., Group 
Leader—Struct., Missile Devel. Div., 
North American Aviation, Inc. (Downey ) 

Costilow, Eleanor L., M.S.A.E., Aero 
Research Scientist, Lewis Flight Propul- 
sion Lab., NACA 

Fields, Raymond H., B.S.M.E., Mgr. 
Sales Engrg., Air Arm Div., Westinghouse 
Electric Corp. (Baltimore). 

Fromme, William M., B.S.M.E. (Aero.), 
Aerodynamics Engr. ‘‘A,’’ Northrop Air- 
craft, Ine 

Gander, William J., B. of Ae.E., Wind 
Tunnel Proj. Engr., Grumman Aircraft 
Engineering Corp. 

Li, Ting-Yi, Ph.D., Assoc. Prof., Rens- 
selaer Polytechnic Institute. 

Pence, Robert F., B.S.M.E., Weights 
Design Group Engr., Convair, Ft. Worth, 
A Div. of General Dynamics Corp 

Rounds, George L., B. of Ae.E., Mem- 
ber, Tech. Staff, Guided Missile Research 
Div., The Ramo-Wooldridge Corp. 

Serafini, John S., M.S. in Ae.E., Aero 
Research Scientist, Lewis Flight Pro- 
pulsion Lab., NACA. 

Solomon, Martin, B. of Ae.E., Aero- 
dynamicist, North American Aviation, 
Inc. (Columbus). 

Stefan, Karl H., M.S. in Ae.E., Comdr., 
USN, Operations Officer, Fleet All 
Weather Training Unit (Key West). 

Vogel, Theodore A., B. of Ae.E., Tech. 
Group Engr., Convair, Pomona, A Div. 
of General Dynamics Corp. 

Wallace, Donald A., M.S. in Ae.E., 
Staff Engr., University of Southern Cali- 
fornia. 


Elected to Associate Member Grade 


Coleman, George M., Coordinator, 
Physical Lab., McDonnell Aircraft 
Corp. 

Evans, Evan, M.A. in Education, 
Executive Dir., National Aviation Educa- 
tion Council. 

Kent, Stephen R., B.S., Dir. of Adver- 
tising, American Aviation Publications. 

Marriott, Paul A., A.B., Major, USAF: 
Chief, Aircraft Branch, Air Tech. Liaison 
Office, USAF. 

Matthews, Henry B., Production Plan- 
ning Mgr., Thieblot Aircraft Corp. 

Menasian, Edward, B.A., Proj. Admin., 
Lockheed Aircraft Corp. (Marietta). 

Odell, Albert H., B.S., Airport Naviga- 
tion Standards Engr., Port of New York 
Authority, 

Reynolds, Larry, Ae.E., Flight Test 
Engr., North American Aviation, Inc. 
(Palmdale). 


Wieland, Raymond M., B.S., Publica- 
tion Engr., Allison Div., General Motors 
Corp. 


Young, Albert A., Jr., Sales Engr., J.A. 
Keeneth Co, 
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ENGINEERING TIMETABLE 


1:90 P.M. rae cuaves 


The curves, of course, are not on the 
highway, but on the oscilloscope. The 
men? Fairchild Guided Missiles Division 
engineers. The project? Testing advanced 
equipment for a new FGMD project. 


Working from start to finish on their 
project as a team, these engineers typify 
the group spirit of engineering at Fairchild 
Guided Missiles Division. To bring prob- 
lems to solutions faster, to speed progress 
in such fields as inertial guidance, passive 
guidance and radar, and many other 
projects, FGMD engineers pool their 
collective talents, experience and inven- 
tiveness. And, they see their work through 
from idea to success. 


Investigate the opportunities on the right. 
If you see one you're qualified for, ar- 
range an interview. You'll like what you 
see at Fairchild Guided Missiles Division. 


Send your complete resume to R. B. 
Gulliver. He'll give it prompt attention. 


Senior Electronics 
Engineers: 
Missile systems 
Senior Electronics 
Engineers: 
Servo and Analog 
Computer experience 
Project Engineers: 
Electronics or 
Electromechanical 
background 
Senior 
Aerodynamicists: 
Supersonic Aerodynamics, 
includes performance, 
stability and control 
analysis 


ae 


+. WHERE THE FUTURE IS MEASURED IN LIGHT-YEARS! 


FAIRCHILD 


GUIDED MISSILES DIVISION © WYANDANCH, LONG ISLAND, N.Y. 


A Division of Fairchild Engine and Airplane Corporation 
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technical bulletin re New 


EEMCO Type D-868 rotary actuator was designed to \ 


meet the specifications of one of the latest super- 
sonic aircraft. It operates on 200 volt, 400 cycle, 
3-phase power. The D-868 actuator was developed 
to meet the requirements of MIL-E-7894 and MIL-A- 
8064 and to operate equipment or controls from 
retracted to extended position and reverse, holding 
in both positions without aid of latching devices. 
The load requirement was 1650 inch-pounds maxi- 
mum at approximately 2 RPM on 1.5 amperes. 


Torque limiting switches within the EEMCO Type 
D-868 actuator are adjusted to limit output shaft 
torque to 2000 inch-pounds. These switches and the 
mechanical stops of the airframe provide the travel 
limit requirements of the system. An integral brake 
holds against the stops with 2000 inch-pounds 
torque. An override is provided so that the actuator 
can be unloaded manually for installation or removal. 


400 cycle AC rotary 
actuator that operates 
within a range of -65° F. 
to +400° F. ambient 


temperature 


SPECIFICATIONS OF EEMCO TYPE 0-868 ROTARY ACTUATOR 
Power: 200 volt, 400 cycle, 3-phase motor 
Ambient temperature range : —65°F. to +-400°F. 


Load: 1650 inch-pounds maximum to approx. 2 RPM on 
1.5 amperes 


Shaft torque limit: Adjustable 
Weight: 97% pounds 


EEMCO specializes in the design and manufacture of linear and 

rotary actuators, and special DC and AC motors. EEMCO makes . 7 . 
nothing else. There is an EEMCO product on the majority of the Electrical Engineering 
latest type supersonic aircraft being developed or produced for the 

United States Air Force. EEMCO products are also used for indus- 


trial applications where precise control tolerances are imperative. and Manufacturing Corp. 


Designers and producers of motors, 


4612 West Jefferson Boulevard 
Los Angeles 16, California 
Telephone REpublic 3-0151 


linear and rotary actuators .. . exclusively 


| 
{ 
| 


icals, 

| book 
to p 

neers 

IN 

STRA 

| issue 
cove! 

liter 

the I 

Fore 

Air I 

A 

serie 

lishe 

July 

TI 

DEX, 

annt 
view 

ti 
fc 

a 

t 

n 

( 

r 

2 

a 

n 

a 

t 


Aeronautical Reviews 


‘THis SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 

INTERNATIONAL AERONAUTICAL AB- 
stracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 

A list of the periodicals and reports 
series received in the IAS Library is pub- 
lished semiannually, in the January and 
July issues. 

The AERONAUTICAL ENGINEERING IN- 
vex, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the [AS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

LENDING SERVICES: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64 Street 
New York 21, New York 


Al Guide to the Current Literature of 


PERIODICALS & REPORTS.... 


INTERNATIONAL AERONAUTICAL ABSTRACTS. 113 


Subject Index to Periodicals & Reports 


Acoustics, Sound, & Noise 
Aerodynamics... . 
Aerothermodynamics 
Boundary Layer. . 
Control Surfaces 
Fluid Mechanics & Aerodynamic 
Theory. . 
Internal Flow 
Stability & Control 
Wings & Airfoils. 
Aeroelasticity. .. . 
Air Transportation 
Airplane Design. 
Air Conditioning & Pressurization. 
Landing Loads. 
Operation & Performance. 
Windshields. . 
Electronics. . 
Equipment. . 
Flight Operating Problems 
Flight Testing 
Fuels & Lubricants 
Instruments. 
Laws & Regulations 
Machine Elements 
Bearings. . 
Friction. . . 
Rotating Discs & Shafts 
Materials. 
Mathematics. . . . 
Meteorology. 
Military. Aviation & ‘Armament 
Missiles 
Navigation 


Nuclear Energy 

Parachutes. . 

Photography . 
hysics. 

Power Plants 

Jet & Turbine 

Reciprocating 

Rocket. . 

Production 

Metalworking 

Production Engineering 
Reference Works... . 
Rotating Wing Aircraft. 
Safety. . 

Space Travel 
Structures... . 

Bars & Rods 

Beams & Columns 

Connections. 

Cylinders & Shells 

Elasticity & Plasticity. 

Plates. . 

Sandwich Structures. 

Testing. . : 

Thermal Stress. 
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Heat Transfer. . . 
Vertical Take-Off Aircraft. 
Water-Borne Aircraft. . 
Wind Tunnels & Research Facilities 
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AR TEAM 


Acoustics, Sound, & Noise 


A Flight Test Investigation of the Sonic 
Boom. Marshall E. Mullens. USAF 
FTC TN-56-20, May, 1956. 35 pp. 
Results of tests to obtain time histories of 
the variation in static pressure caused by 
the shock waves of an F-100 aircraft in- 
strumented for static pressure measure- 
ments through the shock waves generated 
by a second F-100. 

‘A Re-Determination of the Equal- 
Loudness Relations for Pure Tones. 
D. W. Robinson and R. §. Dadson. Brit. 
J. Appl. Phys., May, 1956, pp. 166-176. 
14 refs. Experimental investigation to 
develop methods for computing the loud- 
ness levels of complex sounds from their 
spectrum analyses. 

Damage Due to Aircraft Noise. Jean 
T. Lacour. Jnteravia, No. 4, 1956, p. 
958. Discussion of legal aspects of air- 
craft noise arbitrarily divided into two 
categories: noise produced by aircraft 
in flight outside the immediate neighbor- 
hood of airports and noise in the neigh- 
borhood of airports caused by the aircraft 
take-off and landing operations. 


Aerodynamics 


Aerodynamic Calculation of a Fan. 
J. M. Voith Co., Heidenheim, VL Rep. 
13109, Apr. 21, 1947). Sverdrup & Par- 
cel Transl. Rep. X-5, Feb., 1956. 73 pp. 
Analysis of the fan operation to deter- 
mine the diameter-to-hub ratio, coefficient 
of lift, blade efficiency, and blade co- 
ordinates. Includes strength calculations, 
taking into account centrifugal and air 
forces, mass forces at starting, and twist- 
ing loads, and a calculation of natural 
frequency and strength of the hubs. 

Réwnanie Boltzmanna i Jego Znaczenie 
w Teorii Gazéw. Zdzistaw Szymanski. 
Rozprawy Inzynierskie (Warsaw), No. 4, 
1955, pp. 501-553. 39 refs. In Polish, 
with summaries in English and Russian. 
Analysis of gas phenomena using phe- 
nomenological hydrodynamics, kinetic 
theory, and statistical mechanics. Funda- 
mental assumptions of the kinetic theory 
of gases are represented by the kinetic 
distribution function. Boltzmann equa- 
tion is solved by the Maxwell velocity dis- 
tribution law, and the Enskog-Chapman- 
Burnett theory is used to determine ki- 
netic coefficients. 

Uber die Bewegung starrer Kérper mit 
nichtholonomen Bindungen in einer in- 
kompressiblen Fliissigkeit. T. P. Ange- 
litth. ZAMM, Sept.-Oct., 1955, pp. 
345-347. In German. Study of the 
motion of a rigid body with nonholono- 


mous connections in an incompressible 
fluid. 


Aerothermodynamics 


A Note on Transient Aerodynamic 
Heating. Eugene Covert and Frank 
Durgin. J. Aero. Sci., July, 1956, pp. 
599, 700. Development of a_ general 
method of determining heat transfer 
through a laminar boundary layer with 
arbitrary surface-temperature distribu- 
tons. Application is made to the prob- 
lem of calculating the temperature re- 
sponse of a hemisphere which has been 
subjected to step function in velocity. 


AERONAUTICAL REVIEWS 


Measurement of Recovery Factors and 
Heat Transfer Coefficients with Trans- 
piration Cooling in a Turbulent Boundary 
Layer at M=3 Using Air and Helium as 
Coolants. Appendix A—Extension of 
Film Theory to Diffusion Cases Where 
the Fractional Concentration of Foreign 
Gas at the Wall Differs from Unity. B. 
M. Leadon and C. J. Scott. U. Minn., 
Inst. Tech. Dept. Aero. Eng. Res. Rep. 
126, Feb., 1956. 32 pp. 

The Influence of Free-Stream Turbu- 
lence on Heat Transfer by Convection 
from an Isolated Region of a Plane Sur- 
face in Parallel Air Flow. Alan Ed- 
wards and B. N. Furber. Chartered 
Mech. Engr., May, 1956, pp. 255, 256. 
Abridged. 

Empirical Relationships for Local Co- 
efficients of Skin Friction in Subsonic 
Air Streams. J. N. Hool. Australia 
ARL AN 145, June, 1955. 24 pp. 13 
refs. Comparison of skin-friction equa- 
tions with experimental results obtained 
for turbulent, two-dimensional subsonic 
flow under a rising pressure gradient. 

Measurement of Skin Friction Using 
Surface Tubes. J. N. Hool. Australia, 
ARL AN 144, June, 1955. 16 pp. 
Extension of the Stanton surface tube 
technique to measurements of skin-friction 
intensity. A simple surface tube is de- 
scribed, and a method of varying the sur- 
face tube calibration curves to cover other 
fluids and temperature is developed. 
Includes an empirical equation for the 
determination of skin-friction intensity 
values from surface tube - static tapping 
readings and the width of the surface tube 
opening. 

Thermal Conditions Associated with 
Aircraft in Flight. Martin Bloom. US- 
AF WADC TR 55-169, Mar., 1956. 66 
pp. 94 refs. Review of developments 
in the field of forced-convection heat 
transfer to provide structural specialists 
with aerodynamic  boundary-condition 
data required to solve temperature-dis- 
tribution problems. 

The Temperature of Materials at High 
Flight Speeds and the Problems Involved. 
A. §. Hartshorn. Gt. Brit. RAE TN 
Aero. 2397, Sept., 1955. 30 pp. 15 
refs. 


Boundary Layer 


Boundary Layers Measured in Flight 
Tests. R. A. Darby and D. W. Weller. 
Aero. Dig., May, 1956, pp. 25-35. De- 
rivation of data correlating boundary- 
layer thickness with flap condition, lift 
coefficient, and power from flight tests on 
a Fairchild C-119. 

Flight Testing of a Vampire Aircraft at 
Maximum Lift. P. B. Atkins. Australia 
ARL FN 23, Aug., 1955. 44 pp. Re- 
sults of series of flight tests to determine 
the effect of turbulence strips on bound- 
ary-layer separation. 

General Approximation Theory for 
Compressible Laminar and Turbulent 
Boundary-Layers with Respectation of 
Flow-Effects Normal to the Wall Across 
the Boundary Layer (Investigations on an 
Improvement of Known Approximation- 
Methods of Boundary-Layer Calcula- 
tion). A.Walz. Karlsruhe Tech. Hochsch. 
TR (AFOSR TR-56-13), 1955. 99 


pp., folded charts. 22 refs. Develop- 


99 


ment of a general theory taking into ac- 
count the effects of shock waves on 
boundary layer, using an approximative 
solution for the Navier-Stokes general 
equations. The partial differential equa- 
tions are transformed without neglecting 
any terms into an infinite system of ordi- 
nary differential equations by partial in- 
tegrations in the normal direction. Three 
boundary-layer parameters are considered, 
covering boundary-layer thickness, veloc- 
ity profile form parameters, and the pres- 
sure difference between the boundary- 
layer edge and the wall. 

The Law of the Wall in Turbulent Shear 
Flow. Donald Coles. GALCIT Paper 
No. 380, 1955. 11 pp. Integration of 
boundary-layer equations of continuity 
and momentum for general turbulent 
shear flow whose mean-velocity profile is 
given by the Prandtl and von Karman law 
of the wall, and an introduction of the 
streamline hypothesis for turbulent shear 
flow. 

An Experimental Investigation of the 
Boundary-Laver Flow on a Rotating Flat 
Plate. Jerome Persh and A. Wiley Sher- 
wood. J. Aero. Sci., July, 1956, pp. 703, 
704. Description of experimental appara- 
tus and results of boundary-layer studies 
on a rotating flat plate. 

Unsteady Laminar Boundary Layer 
Over a Flat Plate in the Downstream Re- 
gion. S. I. Cheng and I: D. Chang. 
Princeton U. Dept. Aero. Eng. Rep. 339 
(AFOSR TN 56-115), Mar., 1956. 24 
pp. 11 refs. Analysis of the unsteady 
flow in an incompressible viscous fluid 
using the Rayleigh method. 

Exact Solutions of Laminar-Boundary- 
Layer Equations with Constant Property 
Values for Porous Wall with Variable 
Temperature. Appendix A—Allowable 
Magnitude for Wall-Temperature Varia- 
tion. Appendix B—Comparison of Pres- 
ent Results with Results from Previous 
Investigations. Patrick L. Donoughe and 
John N. B. Livingood. U.S., NACA 


Rep. 1229, 1955. 21 pp. 35refs. Supt. 
of Doc., Wash. $0.25. 


An Approximate Theory of Turbulent 
Boundary Layer Shock Wave Interaction. 
Andrew G. Hammitt. Princeton U. Dept. 
Aero. Eng. Rep. 340 (OSR TN 56-160), 
Apr., 1956. 42 pp. 25 refs. Investiga- 
tion of the shock-wave turbulent bound- 
ary-layer problem in the absence of skin 
friction and momentum addition from the 
free stream. The analysis is based on the 
assumption that momentum and mass are 
conserved in the boundary layer through 
the interaction and that the turbulent 
boundary layer is essentially a one-param- 
eter family. 

Boundary Layer Behind Shock or Thin 
Expansion Wave Moving Into Stationary 
Fluid. Harold Mirels. U.S., NACA TN 
3712, May, 1956. 53 pp. 13 refs. In- 
vestigation of laminar and_ turbulent 
boundary layers behind a shock or thin 
expansion wave and of the wall tempera- 
ture behind these waves. 

On the Laminar Boundary Layer Sepa- 
ration from the Leading Edge of a Thin 
Aerofoil. P. R. Owen and L. Klanfer. 
Gt. Brit., ARC CP 220 (Oct., 1953), 
1955. 19 pp. 15 refs. BIS, New York. 
$0.65. 

Sur les Profils de Vitesse Dans la 
Couche Limite en Fluide Compressible. 
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Gerard Gontier. Jnst. Mec. Fluides, Lille, 
France, Reprint, 1955. 12 pp. In 
French. Study of the effect of compres- 
sibility on boundary layer when the veloc- 
itv of the fluid is of the order of the 
velocity of sound. Application is made 
to the calculation of tangential constraints 
originated by the fluid on a body, using 
as example the case of a flat plate with the 
longitudinal pressure gradient equal to 
zeTo 


Control Surfaces 


Initial Results of a Flight Investigation 
of a Gust-Alleviation System. Christo- 
pher C. Kraft, Jr. U.S... NACA TN 
3612, Apr., 1956. 19 pp. Description of 
the system designed to maintain constant 
lift in rough air by means of trailing-edge 
wing flaps operated by an automatic con- 
trol system which is controlled by signals 
from an angle-of-attack vane located at 
the nose of the airplane. 

Investigation by the Transonic-Bump 
Method of a 35° Sweptback Semispan 
Model Equipped with a Flap Operated by 
a Series of Servovanes Located Ahead of 
and Geared to the Flap. William H. 
Phillips and Robert F. Thompson. U.S., 
NACA TN 3689, Apr., 1956. 39 pp. 
Description of tests in the Langley high- 
speed 7- by 10-ft. tunnel, using a modi- 
fied NACA 66-009 airfoil section per- 
pendicular to the leading edge. 

Analysis of Flow Fluctuations in the 
Wake of Dive Brake Flaps. J. H 
Greidanus. Tech. et Sci. Aéronautiques, 
No. 4, 1955, pp. 230-233. 

Uber induzierte Zirkulationen. Gustav 
Viktor Lachmann. ZFIW, May-June, 
1956, pp. 173-178. In German. Analysis 
using the method of conformal transforma- 
tion to show that small circulation carriers 
of high intensity, arranged near the trail- 
ing edge of an airfoil, can induce circula- 
tions of substantial magnitude on the air- 
foil. 


Fluid Mechanics & Aerodynamic Theory 


Analytical and Numerical Methods for 
Hyperbolic Conical Flows. Roberto Vag- 
lio-Laurin and Nathan Ness. Polytech. 
Inst. Bklyn. Dept. Aero. Eng. & Appl. 
Mech., PIBAL Rep. 273, July, 1955. 85 
pp. OSR-sponsored development of char- 
acteristics methods for the analysis of the 
hyperbolic region of mixed-type conical 
flows. Two modifications of the general 
method are developed to reduce the 
amount of numerical work, and the details 
of their practical application for the de- 
termination of the flow field and of the 
boundary conditions are presented. 


Small Perturbations in the Unsteady 
Flow of a Compressible, Viscous and 
Heat-Conducting Fluid. T. Yao-Tsu Wu. 
J. Math. & Phys., Apr., 1956, pp. 13-27. 
11 refs. ONR-sponsored analysis of fluid 
flow with small external forces and heat 
additions which induce small perturbations 
in the flow field. 


Unsteady Two-Dimensional Flows with 
Free Boundaries. I—General Theory. 
II--Incompressible Inviscid Jet. N. 
Curle. Proc. Royal Soc. (London), Ser. 
A, May 8, 1956, pp. 375-395. Investiga- 
tion of unsteady flow which includes re- 
view of earlier work on free-boundary 
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problems, and the initial development of 
steady two-dimensional flows. 

Unsteady Radial Flow of Gas Through 
Porous Media—Variable Viscosity and 
Compressibility. J. S. Aronofsky and J. 
D. Porter ASME Diamond Jubilee 
Annual Meeting, Chicago, Nov. 13-18, 
1955 Appl. Mech., Mar., 1956, pp. 
128-132. Calculation of pressure-time 
histories and flow rates presented for ra- 
dial unsteady flow of gases through porous 
media, with gas viscosity and gas compres- 
sibility expressed as simple functions of 
pressure. Results obtained on the M.I.T. 
Whirlwind electronic computer demon- 
strate that variable viscosity and com- 
pressibility have a substantial effect on 
transient gas-flow systems. A_ simple 
means is suggested for estimating the 
velocity of gas flowing across an inner 
radial boundary into a hole when the gas 
pressure is held constant at that bound- 
ary. 

Despre Distributia Virtejurilor Intr-un 
Fluid Viscos Care se Misca in Prezenta 
Unui Corp Poros. St. I. Gheorghita. 
Bul. Stiint. Sect. Stiint. Mat. Fiz., Oct.— 
Dec., 1955, pp. 1,003-1,011. In Rumanian. 
Study of the stationary motion of an in- 
compressible viscous fluid in the presence 
of a porous body, using the equation of 
motion for the free fluid and the Darcy 
law for the motion within a body. 

Laminar Flow About a Rotating Body 
of Revolution in an Axial Airstream. H. 


Schlichting Ing.-Arch., No. 4, 1958, 
pp. 227-244 U.S., NACA TM 1415, 
Feb., 1956. 43 pp. Translation. De- 


velopment of a method for determining 
the boundary-layer thickness, frictional 
drag, and displacement of the 
separation point as a function of a dimen- 
sionless spin coefficient (circumferential 
velocity/free-stream velocity) by using 
the momentum theorem, as stated for 
the meridional and circumferential direc- 
tions 

Comparison of Experimental and Theo- 
retical Normal-Force Distributions (In- 
cluding Reynolds Number Effects) on an 
Ogive-Cylinder Body at Mach Number 
1.98. Appendix—Procedure for Use of 
the Correlation Curve in Computing Nor- 


torque, 


mal-Force and Pitching-Moment Co- 
efficients. Edward W. Perkins and Le- 
land H. Jorgensen. U.S., NACA TN 
3716, May, 1956. 50 pp. 13 refs 


Comparison of the Experimental and 
Theoretical Distributions of Lift on a 
Slender Inclined Body of Revolution at 


M=2. Edward W. Perkins and Donald 
M. Kuehn U.S., NACA TN 3715, 
May, 1956. 39 pp. 19 refs. Deter- 


mination of distributions and 
force characteristics for a body of revolu- 


tion consisting of a 

circular-arc, ogival tangent to a 
cylindrical afterbody for an angle-of-attack 
range of 0° to 35.5°, at 1.98 free-stream 
Mach Number and approximately 0.5 X 
106 free-stream Reynolds Number, based 
on body diameter. 

The Theoretical Wave Drag of Open- 
Nose Axisymmetrical Forebodies with 
Varying Fineness Ratio, Area Ratio and 
Nose Angle. J. H. Willis and D. G. 
Randall. Gt. Brit., ARC CP 245, 1956 
33 pp. BIS, New York. $0.90. Exten- 
sion of the Fraenkel results for open-nose 
axisymmetrical forebodies with straight- 


pressure 


fineness ratio 5.75 
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AiResearch is looking for 
your kind of engineer, 
Through the efforts of engineers 
like yourself our company has 
become a leader in many 
outstanding aircraft accessory 
fields. Among them are: 
air-conditioning and 


pressurization, heat transfer, 


pneumatic valves and controls, 
electric and electronic controls, 
and the rapidly expanding 
field of small turbomachinery, 
AiResearch is also applying 
this engineering skill to 

the vitally important missile 
accessory field. 


Our engineers work on the very 
frontiers of present day scientifi 
knowledge. We need you 
creative talents and offer you 
the opportunity to progress 

by making full use 

of your scientific ability. 
Positions are now open for 
aerodynamicists ... mechanical 
engineers... physicists... 
specialists in engineering 
mechanics... electrical engineers 
...electronics engineers. 

For further information write 
today to Mr. Wayne Clifford, 
THE GARRETT CORPORATION 


9851 S. Sepulveda Blvd., 


Indicate your preference 
as to location between 
Los Angeles and Phoenix. 
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1 Ib, OUTFLOW VALVE 
(poppet) 
executive airplane 


OUTFLOW VALVE 


5.5 |b. OUTFLOW VALVE 
(poppet) 


17.5 Ib. OUTFLOW VALVE 
(butterfly) 
military transport 
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6.8 Ib. OUTFLOW VALVE 


(poppet) 


commercial transport 


2.0 Ib, OUTFLOW VALVE 


(poppet) 
military cargo 


military transport 


4.4 |b. OUTFLOW VALVE 
(poppet) 
commercial transport 


13.3 Ib. OUTFLOW VALVE 


(butterfly) 


commercial transport 


Two unit pressure control 


FOR ALL SIZES OF AIRCRAFT CABINS 


Simple, proved AiResearch pneumatic system operates 
independently...requires no outside power 


The two elements of the complete 
AiResearch cabin pressure control 
system are a pneumatic controller 
and an associated outflow valve. 
Only calibration is required to 
adapt the controller to various air- 
craft cabin pressure requirements. 
Minimum or no servicing is needed. 


The outflow valve is a simple dia- 
phragm and spring operated valve 
connected to the controller by a 
pneumatic line. It may also serve 
as a safety valve under emergency 
conditions, 

An electrical or pneumatic over- 
ride can be provided to give the 


pilot manual control whenever 
conditions warrant it. 

This system is immediately avail- 
able for all aircraft models. Your 
inquiry is invited. 

Qualified engineers are needed 
now for unexcelled career oppor- 
tunities. Write for information. 


CORPORATION 

utacturing 
ee AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Designers and manufacturers of aircraft systems and components: REFRIGERATION SYSTEMS - 
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ELECTRO-MECHANICAL EQUIPMENT 
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line or parabolic ares by treating these 
ares as special cases of a family of profiles. 
Only the slender-body theory is used ow- 
ing to the high fineness ratios. 

The Flow of a Viscous Liquid Past a 
Flat Plate at Small Reynolds Numbers. 
S. Tomotika and H. Yosinobu. J. Math. 
& Phys., Apr., 1956, pp. 1-12. Analysis 
of the skin-friction phenomena based on 
Davies’ use of Southwell and Squire equa- 
tions of motion to obtain an expansion 
formula in complete agreement with the 
Piercy and Winny solution. 

Teoria Miscarilor Subsonice cu Dira 
Aproape Rectilinie. N. Patraulea and C. 
Stanescu. Stud. Cerc. Mec. Aplic., July 
Dec., 1955, pp. 259-268. In Rumanian. 
Study of the subsonic motion having a 
quasi-rectilinear wake around porous bod- 
ies of arbitrary shape, using the Glauert- 
Prandtl linearization theory. 

On Linearized Transonic Flow Theory 
for Slender Bodies. John W. Miles. 
J. Aero. Sci., July, 1956, pp. 704, 705. 
Criticisms of the Maeder and Thommen 
work on linearized approximations of the 
velocity potential of thin airfoils and 
slender bodies in transonic flows. 

A Unified Two-Dimensional Approach 
to the Calculation of Three-Dimensional 
Hypersonic Flows, with Application to 
Bodies of Revolution. A. J. Eggers, Jr., 


and Raymond C. Savin. U.S., NACA 
Rep. 1249, 1955. 27 pp. 28 refs. Supt. 
of Doc., Wash. $0.30. Description of a 


generalized shock-expansion method de- 
duced from characteristics theory; der- 
ivation of simple explicit expressions for 
the surface Mach Numbers and the pres- 
sure in the case of slender bodies; and 
comparison of results with surface pres- 
sures and shock-wave shapes obtained 
experimentally. 

Inviscid Leading-Edge Effect in Hyper- 
sonic Flow. H. K. Cheng and A. J. 
Pallone. J. Aero. Sci., July, 1956, pp. 
700-702. 12 refs. Investigation of the 
downstream influence of a blunt leading 
edge based on the hypersonic small per- 
turbation theory. 

Low Speed Tunnel Tests on the Flow 
Structure Behind a Body of Revolution of 
Fineness Ratio 16?/;:1. A. Spence and 
W. J. G. Trebble. Gt. Brit., RAE TN 
Aero. 2406, Oct., 1955. 22 pp. 15 refs. 
Results of tests on bodies whose shape 
gives minimum supersonic wave drag for a 
given fineness ratio and length as part of a 
general program to determine the low- 
speed characteristics of supersonic de- 
signs. 

Verallgemeinerte Fépplsche Kurven 
im Zusammenhang mit der Wirbelwider- 
standsbestimmung. BI. Dolaptschiew. 
ZAMM, Nov., 1955, pp. 427-434. In 
German. A geometrical construction is 
given for determining the vortex drag be- 
hind a cylinder when the vortex street is 
approximately the width of the cylinder 
diameter. The mechanism of vortex 
formation and separation is described in 
terms of the distance parameters involved. 
The parameters derived permit the ap- 
plication of the von Karman equation of 
drag. 

Unsteady Isentropic Flow with Variable 
Specific Heats. R.S. Benson. J. RAeS, 
May, 1956, pp. 347, 348. Derivation of a 
relation showing that the ratio of the 
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specific heat of gases varies as the speed 
of sound in the gas 

The Propagation and Structure of Shock 
Waves of Varying Strength in a Self- 
Gravitating Gas Sphere. M. H. Rogers 
Proc. Royal § London), Ser. A, Apr 
10, 1956, pp. 120-136. Description of a 
theoretical method applicable only if the 
density is greater than zero ahead of the 
shock front at any instant. 

The Accuracy of the Method of Char- 
acteristics. M.G.Hall. Australia, ARL 
Rep. A.95, Sept., 1955. 31 pp. Theo 
retical analysis of the mechanism of error 
propagation for two-dimensional, steady, 
homentropic, irrotational, supersonic flow 
of a perfect gas 

On the Range of Applicability of the 
Transonic Area Rule. John R. Spreiter. 
U.S., NACA TN 3673, May, 1956, 21 
pp. Investigation of the range of ap- 
plicability of the transonic area rule by 
comparison with the appropriate similarity 
rule of transonic flow theory and with 
available experimental data for a large 
family of rectangular having 
NACA 63AX XX profiles. 

Spektralanalyse der homogenen Tur- 
bulenz. Walter Tollmien. ZFW, May- 
June, 1956, pp. 195-198. In German. 
Basic considerations on the spectrum of 
homogeneous turbulence, deduced by start- 
ing from the spectrum of the velocity 
fluctuations 

On the One-Dimensional Refraction of a 
Rarefaction Wave at a Contact Surface. 
I. J. Billington and I. I. Glass. UTIA 
Rep. 31, Apr., 1955. 388 pp. Solution 
for the wave refraction in terms of the in- 
cident wave strength, the internal energy 
ratio across the contact surface, and the 
specific heat ratios 


wings 


Internal Flow 


Effect of Size on the Inlet-System 
Dynamics in Four-Stroke, Single-Cylinder 
Engines. D. H. Tsai. Trans. ASME, 
Jan., 1956, pp. 197-210. Formulation of 
a similarity rule from a consideration of un- 
steady, one-dimensional flow 
of a compressible fluid, with experimental 
verification 

The Stability of Viscous Flow Between 
Rotating Cylinders. H. Steinman. 
Quart. Appl. Math., Apr., 1956, pp. 27-33. 
Extension of the Chandrasekhar method 
of solving the characteristic value problem; 
comparison with experimental results. 

Performance of an Axial-Flow Pump. 


isentropic, 


E. A. Spencer. Chartered Mech. Engr., 
Apr., 1956, pp. 202, 203. Abridged. 


Experimental investigation using the 
modified aerodynamic theories on the be- 
havior of an airfoil in a stream as the basis 
for the design of a set of free-vortex im- 
peller blades 

Aerodynamic Interference of Cascade 
Blades in Synchronized Oscillation. 
Chieh-Chien Chang and Wen-Hawa Chu. 
(ASME Natl. Conf., Troy, June 16-18, 
1955.) J. Appl. Mech., Dec., 1955, pp. 
503-508. 10 OSR-sponsored an- 
alysis, using conformal mapping, for the 
determination of aerodynamic loads on 
cascades in synchronized harmonic 
cillations, pitching, and flapping. Results 
are expressed in terms of two parameters, 
one Of which is related to the gap-chord 
ratio and the other known as the reduced 
frequency 


reis 
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Recherches de l’Ecoulement dans des 
Grilles d’Aube. H. Schlichting. 7vch. ¢ 
Sct. Aéronautiques, No. 5, 1955, pp. 279 
287. In French. Investigation of the 
flow through blade cascades in order to 
determine the geometric parameters of 
the cascade when the aerodynamic param- 
eter is given. An incompressible me- 
dium is assumed, and the theory is based on 
that of the lifting surface. Factors studied 
include compressibility, blade surface 
roughness, wall losses, and fan configura- 
tion of axial cascades. 

Three-Dimensional Motion in Axial- 
Flow Impellers. S. P. Hutton. Char. 
tered Mech. Engr., Apr., 1956, pp. 201, 202 
Abridged. Investigation to study the 
limitations in existing designs, with meas 
urements of local head-flow characteristics 
compared with those calculated by the slip, 
cascade, and airfoil theory methods.  In- 
cludes development of a new method of 
calculation. 

Ecoulement en Aval des Différentes 
Roues Directrices de Turbine Avec et Sans 
Roue Mobile. David et Luksch. Tech. 
et Sci. Aéronautiques, No. 1, 1956, pp. 32- 
35. In French. Results of an experi- 
mental investigation to study the flow in 
turbine blades as function of the blade 
height, to verify methods of calculation, 
and to determine possible improvements, 

Some Aerodynamic Investigations in 
Centrifugal Impellers. J. T. Hamrick. 
Trans. ASME, Apr., 1956, pp. 591-602. 
17 refs. Results of theoretical and ex- 
perimental studies to demonstrate the oe- 
currence of flow losses, their effect on the 
flow within the passage, and their overall 
effect on the impeller performance. In- 
cludes a discussion of analytical and design 
methods based on isentropic-flow calcula- 
tions and of their application to the de- 
sign of mixed-flow impellers. 

The Flow in a Vee-Gutter Cascade. 
W. G. Cornell. Trans. ASME, Apr. 
1956, pp. 573-580. 13 refs. Develop- 
ment of a theory vielding the wake shape, 
the total pressure loss, and the drag force 
of two-dimensional vee-gutter profiles in 
unstaggered array for incom- 
pressible, steady, potential flow directed 
normal to the cascade axis. 

Naherungsformeln fiir die Zirkulations- 
verteilung um eng stehende Schaufeln 


cascade 


von Strémungsgittern. Albert Betz. 
ZFW, May-June, 1956, pp. 166-169. 
In German. Derivation of equations 


taking into account the effects of finite 
blade spacing for blades of infinitely small 
thickness. 

Nabeneffekte bei axialen Radgittern. 
J. Ackeret. Sept.-Oct., 1956, 
pp. 360-362. In German. Brief 
alysis of the hub effects in axial cascade 
dises 

A Survey of Aerodynamic Excitation 
Problems in Turbomachines. A. Saba- 
tiuk and F. Sisto. Trans. ASME, Apr., 
1956, pp. 555-564. 32 refs. Review of 
the blade-excitation phenomena, with an 
evaluation of the mechanism of flutter, 
forced excitation, rotating stall, and the 
importance of subharmonic resonance in 
turbine blades. 

Design of Optimum Clearances in 
Positive-Displacement Pumps and 
Motors. W. E. Wilson. Trans. ASME, 
Jan., 1956, pp. 117-122. Description of a 
theoretical method, using two dimension- 
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igittern. Rotor Brake and Cerametalix} brake lining. of friction surfaces. Mes: 

1956, | These two were made for each other—literally! For It all adds up to a new high in brake performance that 
icf at Perametalix lining was developed by Bendix for use in meets the challenge of stopping increasingly faster and 
cascade Bndixt brakes; then, the brake itself was proportioned to heavier airplanes with a brake “package” of necessarily 
wteasion ike full advantage of this remarkable new kind of friction limited size ... a brake that, even under the toughest con- 
Saba. terial. ditions, can be depended upon from touch- 

E, Apr., down to the end of the landing run! 


“op POFADE. The result is a brake that will not fade, fuse or 
with an friction, even under braking loads that heat the linings Bendix brake 


flutter,  f?lMeandescent temperatures! stator faced with 

ind the Cerametalix—an entirely different kind of 
sanice in S$ MAINTENANCE. Also, less time and expense are required _ friction material. Cerametalix is a sintered 
it maintenance because adjustments are less frequent compound of ceramic and metallic ingredi- 

nces in nd linings last several times longer. ents that has amazing resistance to heat and 
wear. As a result, friction loading and 

soon allt » PARPING. The lining material itself is a good conductor energy absorbing capacity can be approxi- 
ee heat. This, combined with the exclusive Bendix seg- mately doubled. Sinica 
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less parameters to express the operating 
conditions and characteristics of the slip 
passage to be designed, which obviates the 
inhibitions imposed by the limitations of 
the constant-viscosity theory. 

A Practical Approach to the Problem of 
Stall Flutter. Chi-Teh Wang, R. J 
Vacearo, and D. F. De Santo. 7vans 
ASME, Apr., 1956, pp. 565-572. De 
velopment of a practical method for the 
calculation of the critical flutter frequency 
and velocity for a blade with two degrees 
of freedom from results of flutter tests on 
a single airfoil oscillating with a single 
degree of freedom. This method can be 
applied to cantilever blades by using either 
a representative section or a Rayleigh-type 
analysis. 

Analysis of Viscous Incompressible and 
Compressible Flows Through Axial Flow 
Turbomachines with Infinitesimal and 
Finite Blade Spacing. T. P. Torda. 
USAF WADC TR 55-231, Mar., 1956 
105 pp. 33 refs. Investigation of flow in 
turbomachines including a review of early 
work, and presentation of analyses and 
numerical examples for several variations 
of viscous-flow parameters. 

Flow of a Compressible Fluid in a Thin 
Passage. S.K.Grinnell. Trans. ASME, 
May, 1956, pp. 765-771. Description of 
two methods for the prediction of the 
pressure distribution and the weight- 
flow rate, with results plotted in dimen- 
sionless form. The methods are: (a) a 
simplified procedure used when the fluid 
forces due to viscous action predominate 
over those due to acceleration of the fluid; 
and (b) a trial-and-error procedure re- 
quired for larger passages where the mo- 
mentum effects due to acceleration of the 
compressible fluid are appreciable, even 
in the case of laminar flow. 

Flow in Corners of Passages with Noa- 
circular Cross Sections. E.R. G. Eckert 
and T. F. Irvine, Jr. Trans. ASME, 
May, 1956, pp. 709-718. 10 refs 
ARDC-sponsored theoretical and experi- 
mental investigation including the use of 
flow visualization techniques, pressure 
measurements on two ducts to study the 
influence of the geometry on the hydro- 
dynamic entrance length, measurement of 
the velocity field within the ducts over a 
Reynolds Number range from 500 to 
43,000, and analytic derivation of a simple 
expression to describe the velocity field 
under the conditions of laminar fully de- 
veloped flow in a narrow corner, with ex- 
perimental verification. 

Laminar Pipe Flow with Injection and 


Suction Through a Porous Wall S. W. 
Yuan and A. B. Finkelstein. Trans. 
ASME, May, 1956, pp. 719-724. OSR- 


ONR-OOR-sponsored theoretical — in 
vestigation by the solution of the Navier- 
Stokes equations in cylindrical coordi 
nates to obtain the basic phenomena. Ap- 
plication of results to provide guidance 
for turbulent pipe flow investigations and 
for boundary-layer control for decreasing 
drag and increasing lift of airplane wings 

Asupra Miscarii Turbulente a Unui 


Lichid Greu Intr-o Conducta Circulara 
Natedéa. D. Dumitrescu and Dan Gh 
Ionescu. Stud. Cerc. Mec. Aplic., July 
Dec., 1955, pp. 323-331. In Rumanian 
Study of the turbulent motion of a heavy 
liquid in a smooth circular pipe, based on 
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NEERING REVIEW 


Reviivids equat 
that the mixing 
wall distance 

The Effect of the Earth’s Rotation on 

Laminar Flow in Pipes. G. S. Benton 
ASME D Annual Meet 
ing, Ch : Vor 13-18, 1955.) J 
Appl. Mech., Mar., 1956, pp. 123-127 
Development of a theory of laminar pipe 
flow which retains the effect of the earth’s 
totation and indicates that this effect 
depends on the component of the earth’s 
rotation normal to the pipe, and that the 
intensity of weak secondary circulations, 
expressed nondimensionally, is propor- 
tional to the ratio of the Reynolds Num 
ber and the Rossby Number. 

Analytical and Experimental Investiga- 
tions of Incompressible and Compressible 
Mixing of Streams and Jets. T. P. Torda 
and H. S. Stillwell USAF WADC TR 
55-347, Mar., 1956. 250 pp. 26 refs 
Description of methods and summary of 
results leading to the extension of previous 
theories by taking into account the bound- 
ary layers developing along the duct walls 
upstream of the mixing region, at the 
start of mixing, in order to obtain a closer 
correlation between theoretical and test 
data. 

An Experimental Investigation of a 
Sonic Jet Directed Upstream Against a 
Uniform Supersonic Flow. G. A. Watts. 
UTIA TN 7, Jan., 1956. 46 pp. 12 
refs. Experimental study of the flow 
configuration generated by directing a 
sonic jet of gas upstream into a uniform 
supersonic flow. The jet gas expands su- 
personically from the throat or exit toa high 
Mach Number, passes through a curved 


sand on the assumption 
is a linear function of the 


Jubilee 


shock wave, and decelerates subsonically 
as it approaches an interface between the 
jet gas and the main flow. On the axis of 
symmetry the jet gas reaches a stagnation 
point at the interface 

Contributions on the 
Laminar-Turbulent Transition of Jet 
Flow. U. Domm, H. Fabian, O. Wehr- 
mann, and R. Wille. Tech. U. Berlin- 
Charlottenburg, Hermann  Fottinger-Inst. 
Stroémungstech. TR 56-9, Nov., 1955. 52 
pp. 19 refs. ARDC-sponsored investi- 
gation of the growth and frequency of the 
small periodic disturbances near the 
nozzle, of the instability of the ring-vortex 
street, and of the mechanism of vortex 
fusion with the consequent decay of the 
coalesced vortices 

Jet Mixing of Two Compressible Fluids. 
S. I. Pai. ZAMM, Sept.—Oct., 1956, pp 
364-366 study of the 
laminar-flow mixing region of a jet of one 
perfect gas into another perfect gas where 
chemical reaction may occur 

Studio Sugli Eiettori con Camera di 
Miscelamento a Sezione Costante. 
Caini. L’Ae 
pp. 20-23. In 


Mechanics of 


OSR-sponsored 


Vasco 
nica (Rome), Feb., 1956, 
Italian. Investigation to 
determine the values for the fluid-dynamic 
variables at the end of the mixing space 
in the case of constant cross-section 
mixing 

Sur un Curieux Cas d’Alternance de 
Tourbillons. Edmond A. Brun. France, 
Vin. de l’Air NT 58, 1956. 27 pp. In 
French. Study of the phenomena of 
vortex alternation occurring when a jet 
stream is directed into a channel closed 
at the end facing the jet 


chamber 
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Experiments on the Flow of Swirling 
Water Through a Pressure Nozzle and an 
Open Trumpet. A. M. Binnie and J. D. 
Teare. Proc. Royal Soc. (London), Ser 
A, Apr. 10, 1956, pp. 78-89. 17 refs 

On the Flow of a Compressible Fluid 
Through Orifices. D. A. Jobson. [ME 
Proc., No. 37, 1955, pp. 767-772; Com. 
munications, pp. 773-776. Derivation of 
a theoretical expression for the contraction 
coefficient C, appropriate to an orifice 
when transmitting a compressible fluid, 
either above or below the critical pressure 
ratio, provided that the correspondigg 
value for incompressible flow Ci is known, 

On the Theory of Discharge Coefficients 
for Rounded-Entrance Flowmeters and 
Venturis. Miguel A. Rivas, Jr., and 
Ascher H. Shapiro. Trans. ASME, Apr., 
1956, pp. 489-497. 17 refs. 

Two- and Three-Dimensional Flow of 
Air Through Square-Edged Sonic Orifices 
Alexander Weir, Jr., J. L. York, and R. B 
Morrison. Trans. ASME, Apr., 1956, 
pp. 481-488. 17 refs. Investigation of 
the two-dimensional flow through rec- 
tangular, and of the three-dimensional 
through circular, square-edged, sonic ori- 
fices at pressure ratios of 1.894 to 42.0 
A primary metering system is used to 
measure the mass flow and an optical 
technique to obtain photographs of the 
flow upstream, within the thickness of the 
orifice plate, and downstream of the orifice. 


Précision Exigée Dans la Construction 


des Tuyéres Supersoniques. Jean | 
Ginoux. Tech. et Sci. Aéronautiques, 
No. 1, 1956, pp. 19-28. In French 


Determination of the precision necessary 
for the construction of supersonic nozzles, 
based on the accuracy of instruments and 
measurements on models. 

The Dall Flow Tube. I. O. Miner 
Trans. ASME, Apr., 1956, pp. 475-479 
Results of an investigation to determine 
the characteristics of a flow-metering de- 
vice, including head loss, edge effects, and 
the effects of upstream disturbances 


Stability & Control 


Applications of Matrix Operators to the 
Kinematics of Airplane Motion. Mal- 
colm J. Abzug. J. Aero. Sci., July, 1956, 
pp. 679-684. Development of kinematic 
relationships includes (1) the direct and 
inverse relationships between angular 
velocities and orientation angle rates, (2 
the projections on earth axes of the small 
disturbance motions calculated by classical 
airplane dynamic stability theory, (3) 
azimuth and elevation angles of a target 
on tracking airplane axes, (4) relationships 
between the orientation angles of NACA 
stability axes and arbitrarily aligned air 
plane body axes, and (5) the indications of 
free gyros (gimbal angles). 

Static Longitudinal and Lateral Stability 
Characteristics at Low Speed of Unswept- 
Midwing Models Having Wings with an 
Aspect Ratio of 2,4, or6. Walter D. Wol 
hart and David F. Thomas, Jr. U.S, 
NACA TN 3649, May, 1956 
refs. 


4] pp 1Z 


Full Scale Spinning Tests on the Per- 
cival Provost Mk.1 Including the In- 


verted Spin. T. H. Kerr. Gt. Brit, 
ARC CP 240, 1956. 32 pp. BIS, New 


York. $0.81 
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Low-Speed Wind-Tunnel Tests on a 
Model of a Jet Tailless Aircraft. J] 
Trouncer and G. F. Moss. Gt. Brit., 
ARC R@&M 2843 (Jan., 1947), 1956. 36 
pp. BIS, New York. $1.71. Results of 
longitudinal and lateral stability tests 
given as coefficients of lift, drag, and pitch- 
ing. 

Contributii la Studiul Stabilitatii Longi- 
tudinale a Avionului in Evolutiile cele mai 


Defavorabile. Tiberiu Hacker. Stud. 
Cerc. Mec. Aplic., July—Dec., 1955, pp. 
269-297. 10refs. In Rumanian. Study 


of the longitudinal stability of an aircraft 
under unfavorable conditions. Equations 
of motion are derived for trajectories of 
rectilinear motion, and the perturbation 
amplitude of the angle of incidence and of 
the angular velocity of pitch is determined. 


m 
m 


Wings & Airfoils 


Determination of Velocity and Pressure 
Distribution Along the Surface of Annular 
Aerofoils with Thick Symmetrical Sec- 
tions. Svetopolk Pivko. J. RAeS, May 
1956, pp. 3548 


Le Calcul des Pressions sur une Aile de 
Forme en Plan Quelconque Avec ou Sans 
Incidence en Fluide Parfait Subsonique ; 
Méthode Générale de Résolution du 
Probléme Linéarisé; Vérifications Expéri- 
mentales Obtenues. FE. Fage, L. Rosen 
thal, and M. Corrales. Tech. et Sci 
Aéronautiques, No. 5, 1955, pp. 324-334. 
In French. Calculation of pressures over 
wings of any plan form with or without in 
cidence in an ideal subsonic fluid and a 
general method of solution to the linearized 
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Exceptional performance and dependability go with useability in 
Lamb Electric Motors because they are: 
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of an application. 


(2) built of quality materials by precision- 
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problem, with experimental verification 
Asupra Aripii Delta Subtiri Dublu- 
Conice cu Incidenta Variabila, in Curent 


Supersonic. E. Carafoli and L. Dumi 
trescu. Stud. Cerc. Mec. Apflic., July 
Dec., 1955, pp. 237-257. In Rumanian 
Study of the lift of thin, tapered delta 


wings having linearly varied incidence in 
supersonic flow, with a derivation of axial 
velocities of perturbation from the ex- 
pression of the potential and, by an in- 
tegration, of formulas of lift coefficient 
per unit 

Notes on the Transonic Movement of 
Wing Aerodynamic Centre. 5S. B. Gates, 
Gt. Brit., ARC R&M 2785 (May, 1949), 
1956. 34 pp. 31 refs. BIS, New York, 
$2.00. Analysis of the backward move- 
ment of the aerodynamic center of wing 
shapes as the flow progresses from in- 
compressible, through subsonic, to super- 
sonic, with disregard of the shock-wave 
regime. Development of a new geo- 
metrical parameter enables the division of 
wing shapes into six classes: delta, two 
lozenges, reversed delta, arrowhead, and 
reversed arrowhead. 

Contribution Expérimentale a 1’Etude 
du Profil Portant Aux Vitesses Transson- 
iques. R.Micheland M. Sirieix. France, 
ONERA NT 26, 1955. 22 pp. In 
French. Results of an experimental in- 
vestigation of lifting airfoils at transonic 
speeds. Measurements of the pressure 
distribution at Mach Numbers between 
0.6 and 1.0 are obtained in order to analyze 
the effect of asymmetric shock waves on 
lift and moment coefficients. 

Une Contribution 4 la Théorie des 
Ailes Portantes 4 la Vitesse du Son. 
M. E. Truckenbrodt. Tech. et Sei. 
Aéronautiques, No. 1, 1956, pp. 29-31. 
In French. Analysis of the theory of 
lifting wings in the sonic range. 

Adaptation de la Méthode de G. Gab- 
rielli Pour Déterminer la Surface Alaire et 
son Allongement Dans le Projet des 
Avions a Jet. Bruno Provero Tech. et 
Sct. Aéronautiques, No. 4, 1955, pp. 247 
250. In French. Extension to turbo- 
jets of the Gabrielli method for the de- 
termination of wing area and of wing as- 
pect ratio. 

Theoretische und experimentelle Un- 
tersuchungen an schiebenden Fiiigeln, 
iasbesondere an Pfeil- und Deltafliigeln. 
kK. H. Gronau. Braunschweig, Deutsche 
Forschungsanstalt Luftfahrt, Inst. Aero- 
dynamik, Bericht 55/9, Dec. 20, 1955. 122 
pp. 25refs. In German. Development 
of a practical method for the calculation of 
lift distribution on swept wings of a given 
shape in incompressible flow 

Aerofoil Design in Two-Dimensional 


Subsonic Compressible Flow. L. C. 
Woods. Gt. Brit. ARC R&M_ 2845 
(Mar., 1952), 1955. 54 pp. BIS, New 
York. $2.52. Derivation of design 


equations by extending the Lighthill 
method to the case ef subsonic compres- 
sible flow. The Lighthill equations are 
shown to be a specia! case of general equa- 
tions for airfoil design. Velocity dis- 
tribution is defined numerically, and the 
nose radius is controlled by closure condi- 
tions for the airfoil. 

Notes on the Calculation of the Sub- 
sonic Downwash and Sidewash Angles 
Near Wings. Raymond F. Anderson 
J. Aero. Sci., July, 1956, pp. 707, 708 
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POWER CONTROL 
SERVO VALVE 


RAM AIR CYLINDER 
2 HORIZONTAL TAIL 
POWER CONTROL 
= 


World's Fastest Navy Fighter 
Proudly wears 
controls 


Nine Sargent quality units have been selected to 
provide Chance Vought’s F8U-1 Crusader with instan- 
taneous, positive, feathertouch response. 
These units, Sargent fabricated to Vought specifications, 
provide a system for control for the safe, positive, 
efficient operation of this great fighter. 
The experience of more than 36 years of 
design and manufacture of precision equipment 
systems has given Sargent Engineering Corporation 
the “know-how” to aid in solving the essential and 
advance problems of force control. Leading airframe 
and missile manufacturers are using hundreds of 
different Sargent hydraulic, mechanical, pneumatic, 
electrical and electronic force control units on the 
nation’s military planes, commercial planes and missiles. 
Sargent places its facilities of design and manu- 
facture at your disposal. We invite you to send your 
specifications for the Sargent proposal of your 
force control problems. 


Since 1920 


ENGINEERING CORPORATION 


2533 EAST 56th STREET 
HUNTINGTON PARK, CALIFORNIA 
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Development of a method of determining 
vertical and lateral induced angles at a 
distance of approximately one semispan or 
more 

Untersuchungen tiber den Abwind 
hinter Deltafliigeln bei inkompressibler 
Strémung. K. Gersten. Braunschweig, 
Deutsche Forschungsanstalt Luftfahrt, Inst. 
Aerodynamik, Bericht 55/22, Jan., 1956. 
32 pp. 14 refs. In German. Theo- 
retical and experimental investigation of 
the downwash behind delta wings in in- 
compressible flow, measured by a tuft grid 
method. Numerical values for the in- 
duced velocity are given from photographic 
recordings of the grids. Theoretical de- 
termination of the downwash is obtained 
from the calculation of the lift distribution, 
using the Truckenbrodt airfoil theory. 

Minimum Wave Drag for Arbitrary 
Arrangements of Wings and Bodies. 
Robert T. Jones. U.S.. NACA TN 
3530, Feb., 1956. 11 pp. 10 refs 
Study of the problem of determining the 
ininimum possible value of the wave resist- 
ance obtainable by any disposition of the 
aircraft elements within a definitely pre- 
scribed region. Conditions which must be 
satisfied in the case of minimum drag are 
derived under the assumption that the 
total lift and the total volume of the air- 
craft are given. 

On the Use of Interfering Flow Fields 
for the Reduction of Drag at Supersonic 
Speeds. Antonio Ferri and Joseph H. 
Clarke. Polytech. Inst. Bklyn. Dept. Aero. 
Eng. & Appl. Mech., PIBAL Rep. 304, 
Mar., 1956. 71 pp. 17 refs. OSR- 
supported study including a general out- 
line of possibilities for favorable wave 
interference between supersonic aircraft 
components. The interference between a 
three-dimensional wing with swept lead- 
ing edges and a small reflecting surface in 
biplane arrangement is discussed in terms 
of the linearized flow theory. Relation- 
ships are developed to facilitate the de- 
termination of the interference drag of a 
large class of three-dimensional configura- 
tions neglecting the calculations of the 
flow field. 

Generalized Indicial Forces on Deform- 
ing Rectangular Wings in Supersonic 
Flight. Harvard Lomax, Franklyn B. 
Fuller, and Loma Sluder. U.S., NACA 
Rep. 1230, 1955. 27 pp. Supt. of Doc., 
Wash. $0.30. Development of a method 
to determine the time-dependent flow over 
au rectangular wing undergoing small 
vertical distortion expressed as_ poly- 
nomials involving spanwise and chordwise 
distances. The solution for the velocity 
potential is presented in a form analogous 
to that of Evvard for steady supersonic 
flow having the reflected area. 

Comparison Between Experimental and 
Predicted Downwash at a Mach Number 
of 0.25 Behind a Wing-Body Combination 
Having a Triangular Wing of Aspect Ratio 
2.0. Norman E. Sorensen and Edward J. 


Hopkins. U.S., NACA TN 3720, May, 
1956. 29 pp. 


Investigation at High Subsonic Speeds 
of a Body-Contouring Method for Alleviat- 
ing the Adverse Interference at the Root 
of a Sweptback Wing. Appendix— 
Method of Body Modification. John B. 
McDevitt and William M. Haire. U.S., 
VACA TN 3672, Apr., 1956. 38 pp. 14 
refs. Test results on several bodies used 
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in combination with a 35° sweptback wing, 
modified according to Kiichemann by 
counteracting the distorting velocities at 
the wing-body junction. At subcritical 
results are insignificant, but 
above the critical Mach Number aerody- 
namic characteristics are improved 


speeds the 


Aeroelasticity 


An Introduction to Aeroelasticity. B. 
J. Kaganov. Can. Aero. J., May, 1956, 
pp. 164-168. Discussion including types of 
vibration, symmetric and antisymmetric 
modes, resonance testing, effects of diver 
gence, aileron reversal, critical speeds, and 
effects of gusts and landing loads. 

Elastic Waves in Anisotropic Media. 


J. L. Synge. U.S., NBS Rep. 4601, 
Apr. 2, 1956. 24 pp. USAF-supported 
study. 


Free Oscillations of Systems Having 
Quadratic Damping and Arbitrary Re- 
storing Forces. Karl Klotter. (ASME 
West Coast Conf., Monterey, Sept. 12, 13, 
1955.) J. Appl. Mech., Dec., 1955, pp 
493-499. Solution of second-order dif- 
ferential equations of motion with one de- 
gree of freedom for determining the exact 
relationships between any two consecutive 
maximum displacements. 

Asupra Determinarii Vibratiilor Proprii 
ale Constructiilor. M. Misicu. Stud. 
Cerc. Mec. Aplic., July—Dec., 1955, pp. 
447-455. 11 refs. In Rumanian. De- 
velopment of a method for the calculation 
of natural frequencies of systems with 
several degrees of freedom. 

Steady-State Behavior of Systems Pro- 
vided with Nonlinear Dynamic Vibration 
Absorbers. F R. Arnold. (ASME 
West Coast Conf., Monterey, Sept. 12, 13, 
1955.) J. Appl. Mech., Dec., 1955, pp. 
487-492. 10 refs. Investigation of the 
response of vibrating systems subjected to 
sinusoidal excitations, with an analysis of 
previously used methods and with a de- 
scription of the system behavior by means 
of response diagrams. 

Hinge-Moment Derivatives for an Os- 
cillating Control. C. S. Sinnott. Gt. 
Brit., ARC R&M 2923 (Sept., 1953), 1955 
ll pp. BIS, New York. $2.15. Deriva- 
tion of hinge-moment coefficients for an 
airfoil-control combination in a low-speed 
wind tunnel by means of the thin “‘equiva- 
lent profile’? method which takes into ac 
count the effects of thickness and vis- 
cosity 

Stationary Principles for Forced Vibra- 
tions in Elasticity and Electromagnetism. 
J. L. Synge U.S., NBS Rep. 4582, 
Mar. 26, 195¢f 19 pp. OSR-sponsored 
theoretical analysis leading to a simple 
geometric presentation based on the 
Prager-Synge concept of function-space 

On the Vibration of Elastic Bodies 
Having Time-Dependent Boundary Con- 


ditions. J. G. Berry and P. M. Naghdi. 
Quart. Apt Vath., Apr., 1956, pp. 48 
50. 


An Aeroelastic Parameter for Estima- 
tion of the Effects of Flexibility on the 
Lateral Stability and Control of Air- 
craft. Williar P. Rodden. J. Aero. 
Sct., July, 1956, pp. 660-662. Derivation 
of an aeroelastic parameter introduced in a 
quasi-steady analysis which separates the 
effects of Mach Number from those of 
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altitude on the lateral motion of a flexible 
wing. 

Dynamics and Deformable Structures, 
A. H. Hall and H. F. L. Pinkney. Can. 
ada, NAE Quart. Bul., Jan. 1—Mar. 31, 
1956. 29 pp. Developmental review of 
the state of knowledge, with consideration 
of available analytical techniques and the 


advantages and limitations of computers } 


in predicting safety. 

Teoria e Applicazione dei Modelli Strut- 
turali Nelle Costruzioni 
Giuseppe Gabrielli. ZFW, May-June, 
1956, pp. 198-202. 22 refs. In Italian, 
Evaluation of a method for the transfer- 
ence of results of elasticity or failure tests 
from models to actual aircraft. Using the 
principal factors to determine the loads 
On aeronautical structures, the law of 
structural similarity is derived 


Aerodynamic Influence Coefficients for 


an Oscillating Finite Thin Wing in Super. 
sonic Flow. Ta Li. (JAS 23rd Annual 
Meeting, New York, Jan. 24-27, 1956, 
Preprint 500.) J. Aero. Sci., July, 1956, 
pp. 6138-622. Development of a method 
for calculating influence coefficients in 


which the pressure difference is approxi- 7 


mated by dividing the region of integration 
into a mesh of congruent rectangles with 
diagonals parallel to the Mach lines 
Theoretical Aerodynamic Properties of 
Vanishing Aspect Ratio Harmonically 
Oscillating Rigid Airfoils in a Compressible 
Medium. Bernard Mazelsky. J. Aero. 
Sci., July, 1956, pp. 689-652. Extension 
of the Garrick results to the compressible 
case, with the solutions for the velocity 
potential determined from the _ two-di- 
mensional wave equation instead of the 
Laplace equation. Numerical results are 


obtained for the complete reduced fre J 


quency range. 


Aeroelastic Problems of Low Aspect © 


Ratio Wings. IV—Application of the 
Structural and Aerodynamic Matrices 
to the Solution of the Flutter Problem. J 
Leyds. Aircraft Eng., May, 1956, pp 
166, 167. 

Numerical Integration Methods for 
Supersonic Wings in Steady and Oscilla- 


tory Motion. B. Etkin. UTIA Rep. 36, 
Nov., 1955. 53 pp. 14 refs. Extension 


and review of the Etkin and Woodward 
results for the case of thin lifting wings 
in steady flow, with application of the 
steady flow equations to an untwisted 
wing having a symmetrical section at zero 
incidence, and derivation of summation 
formulas suitable for computation by 
digital computers. 

Flutter Calculation of Wing with an 
Elastically Supported Concentrated 
Weight. Kichiji Nishino. J. Japan Sov 
Aero. Eng., Apr., 1956, pp. 1-7. In 
vestigation of the effect of a spring 
mounted, concentrated mass on the bend 
torsion flutter characteristics of a two 
dimensional airfoil. 

The Flexure-Torsion Flutter of Cam- 
bered Aerofoils in Cascade. A. H. Cra 
ven and I. Davidson. Coll. of Aeronau 
tics, Cranfield, Rep. 95, Dec., 1955. 36 
pp. Results of a series of tests on the 
flexure-torsion flutter of cascade airfoils 
of 30° and 45° camber, covering stagge! 
angles between —30° and +30°, and gap 
chord ratios up to 1.5 at a Reynolds Num 
ber of 1 X 10® based on airfoil chord 
The critical flutter speeds and frequencies 
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J TIME WELL SPENT Northrop Aircraft’s engineering and pro- 


a duction team continuously pursues scientific developments to strengthen the 

1 the bend national defense. Often this trail-blazing corporate effort commences long before 

sade a military requirement is known to exist. For example, when Northrop engi- 

r of Cam- neers started work on a supersonic trainer airplane, it was without the benefit of 

H.C contract support. Now, two years later, this jet trainer is an important Air Force- 
Northrop project. The time which Northrop devotes to scientific exploration N O R T H R O P 

without guarantee of future returns has often paid dividends to the defense 


effort. It has proved to be time well spent in the interest of the American people. NORTHROP AIRCRAFT, INC, + HAWTHORNE, CALIFORNIA 


‘ids Num Pioneers in All Weather and Pilotless Flight 
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in cascade are expressed as ratios of the 
values for the airfoil in an isolated condi- 
tion. 

The Compressible Flow Past an Oscilla- 
ting Airfoil in a Wind Tunnel. John W. 
Miles. J. Aero. Sci., July, 1956, pp. 671 
678. l4refs. Analysis of the disturbance 
produced by an oscillating airfoil in a two- 
dimensional supersonic wind tunnel. The 
solution is presented either as an expansion 
in the fields of the image, or in the natural 
modes or guided waves of the tunnel. 

A Technique for the Measurement of 
Pressure Distribution on Oscillating Aero- 
foils, with Results for a Rectangular Wing 
of Aspect Ratio 3.3. W. G. Molyneux 
and F. Ruddlesden. Gt. Brit., ARC CP 
233, 1956. 24 pp. BIS, New York. 
$0.63 

Wind-Tunnel Flutter Tests on a Model 
Delta Wing Under Fixed and Free Root 
Conditions. D. R. Gaukroger, E. W. 
Chapple, and A. Milln. Gt. Brit., ARC 
R&M 2826 (Sept., 1950), 1955. 10 pp. 
BIS, New York. $0.54. Results of low- 
speed tests on a half-span model delta 
wing with fixed-root conditions and with 
body freedoms in pitch and vertical trans- 
lation. 

Elementary Stress System in a Swept 
Thin-Walled Tube with High Taper. J. 
Nowinski. Bul. Acad. Polonaise Sci. 
(Warsaw), No. 1, 1956, pp. 3-8. Applica- 
tion of a method for the derivation of an 
exact equation to the problem of elasto- 
plastic stability in three-dimensional, 
uniformly convergent beams. 

Bending Vibrations of Variable Sec- 
tion Beams. E. T. Cranch and Alfred A. 
Adler. (ASME Diamond Jubilee An- 
nual Meeting, Chicago, Nov. 13-18, 1955.) 
J. Appl. Mech., Mar., 1956, pp. 103-108. 
Application of the simple beam theory to 
obtain solutions for the vibration of beams 
having rectangular cross section with (a) 
linear depth and any power width varia- 
tion, (b) quadratic depth and any power 
width variation, (c) cubic depth and any 
power width variation, and (d) constant 
depth and exponential width variation. 
Also includes an investigation of the vibra- 
tion of compound beams and a discussion 
of several cases of free double wedges 
with various width variations. 

Influence of Secondary Inertia Terms 
on Natural Frequencies of Rotating Beams. 
J. L. Bogdanoff. J. Appl. Mech., Dec., 
1955, pp. 587-591. 12 refs. 

Free Vibrations of Thin Cylindrical 
Shells Having Finite Lengths with Freely 
Supported and Clamped Edges. Yi- 
Yuan Yu. (ASME Natl. Conf., Troy, 
June 16-18, 1955.) J. Appl. Mech., 
Dec., 1955, pp. 547-552. Investigation 
based on a set of three differential equa- 
tions, derived similarly to those obtained 
by Donnell for bending and_ buckling 
problems. A simplifying assumption is 
introduced to solve frequency equations 
for cylindrical shells with back edges freely 
supported, with both edges clamped, and 
with one freely supported and one clamped 
edge. 

Nonlinear Dynamic Coupling in a Beam 
Vibration. P. H. McDonald, Jr. 
(ASME Natl. Conf., Troy, June 16-18, 
1955.) J. Appl. Mech., Dec., 1955, pp. 
573-578. Investigation of the vibration 
of a uniform beam with restrained hinged 
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ends and wit 
of motion 

The Free Oscillations of a Buckled 
Panel. W. D. Hayes and J. W. Miles 
Quart. Appl. Math., Apr., 1956, pp. 19-26 
Analysis using nonlinear equations of 
motion of a buckled, two-dimensional 
panel fo ited in dimensionless form, 
and a Fourier expansion for the elimina- 
tion of the space variable. Approximate 
solutions are obtained for a period of free 
oscillation under the assumption of two 
degrees of freedom, one of which is elimi- 
nated by the buckling constraint. 

On the Nonlinear Oscillations of Vis- 
coelastic Plates. A. Cemal_ Eringen. 
(ASME Natl. Conf., Troy, June 16-18, 
1955.) . {ppl. Mech., Dec., 1955, pp. 
563-567. 18 refs. Development of a 
second-order theory by integrating the 
equations of motion of the three-dimen- 
sional finite oscillation theory across the 
plate thickness 

Forced Vibration of a Clamped Rec- 
tangular Plate in Fluid Media. Gordon 
C. K. Yeh and Johann Martinez. (AS 
ME Natl. Conf., Troy, June 16-18, 1955.) 
J. Appl. Mech., Dec., 1955, pp. 568-572 
Analysis based on the assumptions that 
the plate separates two different fluid 
media and that the vibration is excited 
by a simple plane wave of high frequency 
normally incident from one side of the 
plate. Lagrange equations of motion are 
used and solved for plate deflection by 
series expressions. 

Determination of Natural Frequencies of 
Continuous Plates Hinged Along Two 
Opposite Edges. A. S. Veletsos and N. 
M. Newmark ASME Diamond Jubilee 
Annual Meeting, Chicago, Nov. 13-18, 
1955.) J. Appl. Mech., Mar., 1956, pp. 
97-102. 10 refs. Development of a 
numerical procedure for computing the 
undamped natural frequencies of bending 
vibration of rectangular plates hinged 
along two opposite edges and continuous 
over rigid supports transverse to the hinged 
edges. 

Influence of 


irbitrary initial conditions 


Large Amplitudes of 
Flexural Motions of Elastic Plates. 
George Herrmann. U.S., NACA TN 
3578, May, 1956. 45 pp. 21 refs. Der- 
ivation of a set of plate equations of mo- 
tion for an isotropic material obeying 
Hooke’s linear law, based on fundamental 
equations of the general three-dimensional 
nonlinear theory of elasticity for the case 
of small elongations and shears, but moder- 
ately large rotations 

Ortotropowe Plyty Prostokatne o Br2e- 
gach Swobodnych. Zbigniew Kaczkow- 
ski. Arch. Mech. Stosowanej (Warsaw), 
No. 4, 1955, pp. 458-482. In Polish, 
with summaries in English and Russian. 
Development of a method to determine the 
frequency of free vibrations and the critical 
normal loads in the case of a rectangular 
plate with supports located in the corners 
only, using Nowacki’s theorem. This 
theorem shows that the sum of a double 
trigonometric series does not necessarily 
satisfy the boundary conditions of a 
simple support, but is satisfied by each 
particular term of the series. 

Vibration and Stability Problems of 
Beams Treated by Matrices. K. Mar- 
guerre. J. Math. & Phys., Apr., 1956, pp. 
28-43. OSR-sponsored investigation of 
the matrix method for solving the dif- 


ferential equation of a vibrating beam and 
for the related problem of the vibrating 
column. 


Air Transportation 


Air Traffic Facts. A. D'Arcy Harvey, 
(IAS 24th Annual Meeting, New York, 
Jan. 23-26, 1956, Preprint 392.) Aero, 
Eng. Rev., July, 1956, pp. 58-62 

Air Commerce; A Study of Aircraft 
Exports: Historical Development; Pres. 
ent Realities. Victor L. G. Gore. Ajp. 
craft Prod., June, 1956, pp. 236-239 


Airplane Design 


Aircraft Fatigue. H. Giddings. J, 
RAeS, May, 1956, pp. 313-322. Anal- 
ysis of the fatigue phenomena, taking 
into account loading conditions, materials, 
and design. Includes a discussion of fail. 
safe design and fatigue testing. 

Flight Loads. R. H. Sandifer. J, 
RAeS, May, 1956, pp. 301-306. Dis. 
cussion of present and future flight load 
requirements, taking into account the 
flight envelopes for symmetric maneuvers, 
asymmetric maneuvers such as rolling and 
yawing, gust loads, control surface loads, 
engine and propeller loads, and cabin 
pressure loads. Further includes future 
requirements to be defined covering kinetic 
heating, speed requirements at high al- 
titudes, boundary suction and jet flaps, 
and wings for supersonic flight 

The Presentation of Fatigue Data for 
Fatigue Life Calculations. C. L. Bore. 
J. RAeS, May, 1956, pp. 331-346. 10 
refs. Test results presented as a fatigue 
endurance chart where static failure is re- 
garded as fatigue failure in one cycle of 
loading. Chart shows the effects of mean 
stress, residual stress, and pretension. 

The Comet 4 Design and Operational 
Considerations. R. E. Bishop and J. 
Cunningham. CAI Annual Gen. Meeting, 
Montreal, May 3, 4, 1956, Paper. % 
pp. Discussion of capabilities, optimum 
size, structure, engine installation, control 
system, improvements, and _ flying  ex- 
perience. 


Air Conditioning & Pressurization 


L’Ecoulement Gazeux au Cours des 
Décompressions Explosives; Consé- 
quences Physiologiques et Aéronautiques. 
Violette. Tech. et Sci. Aéronautiques, No. 
4, 1955, pp. 223-229. In French. Study 
of cabin decompression and pulmonary 
decompression laws shown by graphical 
traces. Results point out that the es 
sential difference is due to the presence of 
two successive coefficients of leakage, the 
largest a tracheal, the weakest a glottal 
coefficient. Knowledge of these coeffi- 
cients would permit the calculation of the 
maximum area of ports and windows com- 
patible with safety for a given pressuriza- 
tion of cabin. 

Pressure-Cabin Design; A Discussion 
of Some of the Structural Problems In- 
volved, with Suggestions for Their Solu- 
tion. Appendix A—Neutral Hole in 
Plane Sheet with Equal Principal Stresses. 
Appendix B—Design of Reinforcing Rings 
for Circular Holes—Useful Data Derived 
from Standard Formulae. Appendix C— 
Membrane Forces in a Surface of Revolu- 

(Continued on page 130 


Aircraft 
t; Pres. 


1; 
All- 


Si 

Dis- 

t load 

t the 
ineuvers, 
ig and 
ce loads, 
cabin 
future 

ig kinetic 


Data for 
I Bore 
346 10 

fatigue 
ure is re- 
cycle of 

I mean 


erational 
ind J 


optimum 
, control 
eX- 


n 


ours des 
Consé- 
autiques. 


Study 
mary 
gI iphical 


esence of 
kage, the 
glottal 
coeffi- 
of the 


com- 


slems In- 
eir Solu- 
Hole in 
Stresses. 
ing Rings 
a Derived 
dix 
»f Revolu- 


eam and 
vibrating 
Harvey, 
York & 
lero, 
re 
ings. J, 
2. Anal- 
, taking 
n iterials, 
n of fail- 
high al- 
jet flaps, 
Veeting, 
ber. 26 
‘ 
es, No. 
‘ 
the es- 
ressuriza- 
Jiscussion 
| 
| 
| 


Vol 
RA] 
NO 
US, 
of a 
tain 
stez 
su 
effo 
ry 
of t 
one 
fere 
exp 
flo 
alsc 
S 
of t 
body 
curv 
tial 
ifica 
ter 
stre 
effec 
mor 
curv 
incr: 
with 
orde 
T 
E.R 
Ange 
25 re 
Anal 


INTERN ATION AL 
AERONAUTICAL ABSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in the IAS 
Library. This research is supported by the Air Force Office of Scientific Research of the Air 
Research and Development Command. Address inquiries concerning this literature to the 


IAS Library. 


PUBLISHED MONTHLY BY THE AERONAUTICAL ENGINEERING REVIEW 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21,N.Y. 


Number 8 August, 1956 


ACOUSTICS, SOUND, & NOISE of high-speed vehicles. The variable parameters 
for heat transfer are the recovery factor and the 
AN ANALYSIS OF BUZZING IN SUPERSONIC Stanton Number, with the latter being the most crit- 
RAM JETS BY A MODIFIED ONE-DIMENSIONAL ical. Calculations are made for a flat plate anda 
NONSTATIONARY WAVE THEORY. R. L. Trimpi. blunt body, for the cases of laminar and turbulent 
US, NACA TN 3695, July, 1956. 72 pp. Derivation flow. For laminar flow on a flat plate both the re- 
of a theory applicable to the buzzing problem ob- covery factor and the Stanton Number can.be de- 
tained by modification of the one-dimensional, un- termined exactly by solving the momentum and the 
steady-flow theory, and introducing specified as- lergy 1s For turbulent 
sumptions which greatly facilitate the computational flow t by making 
efforts without impairing the usefulness of the theo- 


ry for this type of flow. Theoretical computations tribution; a by using a de- 


of the pressure-time curves made on this basis for rived friction coefficient and a Reynolds analogy 
one supersonic-diffuser configuration with two dif- factor. For blunt bodies the solution is obtained by 
ferent subsonic-duct lengths, agree closely with he same means, except that a form factor for the 
experimental records. Entran e and exit mass body is included in the general equation for the heat 
flow-time curves, as well as wave diagrams, are transfer. Also includes a discussion of the effects 
also computed for these configurations. of boundary-layer control by surface cooling on per- 
formance and structural design of aircraft. Further 
SUPERSONIC BANGS. Il. P. Sambasiva Rao. includes suggested future areas of research. 
Aero. Quart., May, 1956, pp. 135-155, Extension 
of the nonlinear theory of supersonic bangs, for a PROBLEMS OF AEROPHYSICS IN THE HYPER- 
body accelerating along a straight path, to include SONIC REGION. J. W. Bond, Jr. Aero Dig., June, 
curved paths. Results indicate that the only essen- 1956, pp. 21-25. Consideration of the effects of the 
tial effect of the curvature of the path is in the mod- State of air in the shock region, the flow field an 
ification of the acceleration component to include a [transport properties, and the shock front and bound- 
term due to the transverse acceleration. The ary layer on a hemisphere~cylinder which is as- 
strength of the bow shock is obtained, and the sumed to absorb heat at a sufficiently high rate to 
effect of the curvature of the path is found to be prevent melting and erosion, with all the heat as- 
more pronounced at points on the inside of the sumed to be absorbed either by the object or by the 
curve and to grow as the distance from the body air. 
increases. The shock strength may be predicted THE THERMAL PROBLEMS OF HIGH-SPEED 
with an error of less than 5% at distances of the FLIGHT AND THE GENERAL ELECTRIC AIR- 
order of a hundred body-lengths. CRAFT COOLING PROGRAM. J. W. Rizika. 
ASME Semi-Annual Meeting, Cleveland, June 17-21, 
AERODYNAMICS 1956, Paper 56--SA-24. ll pp. Review of the prob- 
lems including aerodynamic heating, internal heat 
sources, and heat sinks, with a discussion of the 
objectives and some of the conclusions. Thescope 
THE PROBLEM OF AERODYNAMIC HEATING. of the work involves studies of criteria, engine 
E.R. Van Driest. LAS Natl. Summer Meeting, Los components, turboconditioner controls, individual 
Angeles, June 18-21, 1956, Preprint 645. 31 pp. conditioning cycles and systems, and aircraft ap- 
refs. Members, $0.65; nonmembers, $1.00. plications. Results indicate that each particular 
Analysis of the rate of heat-transfer to the surface aircraft conditioning application requires an espe- 
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cially-designed turboconditioner system with cri- 
teria, such as cooling loads and temperature levels, 
established by the aircraft manufacturer. The in- 
sulation of components requiring cooling will keep 
the aircraft cooling load, except for the engine, rel- 
atively independent of Mach Number, and the ram 
air, whose temperature rise is approximately pro- 
portional to the square of the Mach Number, will 
remain the primary heat sink, requiring more com- 
plicated heat pumps to overcome great temperature 
differentials. 


SURFACE-PROTECTION AND COOLING SYS- 
TEMS FOR HIGH-SPEED FLIGHT. D.J. Masson 
and Carl Gazley, Jr. JAS Natl. Summer Meeting, 
Los Angeles, June 18-21, 1956, Preprint 638. 19 
pp. 13 refs. Members, $0.50; nonmembers, $0.85. 
Discussion of cooling systems for aircraft under 
transient and continuous heat inputs. Weight re- 
quirements for these systems increase with flight 
equilibrium temperature, and with the time of flight. 
For the lower range of flight equilibrium tempera- 
tures or lower transient heat loads, thickened metal- 
lic skin appears to be the most efficient means of 
countering the surface aerodynamic heating, andfor 
cooling internal equipment, the ultimate dissipation 
to atmospheric air seems the most suitable. For 
higher flight equilibrium temperatures, surface pro 
tection is best obtained by insulation of the outer 
structure and internal cooling, or by means of a 
transpiration or mass transfer system. Internal 
cooling in this range is accomplished by an expenda- 
ble vaporizing coolant, or by the thermal capacity 
of the equipment and structure themselves. 


EFFECT OF PRANDTL NUMBER ON THE 
HEAT TRANSFER PROPERTIES OF A TURBU- 
LENT BOUNDARY LAYER WHEN THE TEMPERA- 
TURE DISTRIBUTION ALONG THE WALL IS AR- 
BITRARILY ASSIGNED. C. Ferrari. ZAMM, Mar.- 
Apr., 1956, pp. 116-135. 16 refs. Derivation of 
formulas for the Nusselt Number from a determina- 
tion of the influence of the Prandtl Number on the 
recovery factor, taking into account the existence 
of a buffer zone between the laminar sub-layer and 
the truly turbulent layer, with experimental verifi- 
cation. Includes determination of: the primary 
part of the spot difference function; the recovery 
factor; and the heat transfer characteristics when 
the temperature distribution along the wall exhibits 
a plateau-like jump. The results may be considered 
as an extension of the Prandtl-Taylor and von Kar- 
man derivations for the analogous case in whichthe 
fluid is assumed to be incompressible and the tem- 
perature along the wall is constant. 


A REVIEW OF HEAT TRANSFER DATA ON 
THE EVAPORATION OF LIQUIDS AT SUB-AT- 
MOSPHERIC PRESSURES. T.D. Patten. Gt. Brit., 
RAE TN Mech. Eng. 216, Apr., 1956. 22 pp. 24 
refs. Presentation of available data, particularly 
with regard to water and with special attention giv- 
en to those theories of heat transfer during 
boiling which are likely to be encountered in 
practice, and to the existing correlations of experi- 
mental results. The study is directed toward the 
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solution of the problem of cooling at high aircraft 
speeds through the possibility of rejecting the heat 
to a liquid as its latent heat of evaporation. In- 
cludes a graph compiled from existing data and ap. 
plicable as a rough guide to the heat transfer prop. 
erties of boiling water. Two recommendations are 
made for further research, both concerned with 
nucleate boiling: a) the confirmation and augmenta. 
tion at very low pressures of the data of Cryderanj 
Finalborgo, together with observation of the bubble 
size and formation, in order to improve the exist- 
ing correlations; and b) a study of the evaporation 
of liquids within narrow vertical passages at low 
pressures to determine the influence of heat transfe; 
of the interference between vapor bubbles and the 
passage walls. 


Boundary Layer 


BOUNDARY LAYER. L.G. Loitsianskii. (Trans 
lation from Mechanics in the USSR Over Thirty Years 
1917-1947, pp. 300-320.) US, NACA TM 1400, May, 
1956. 29 pp. 70 refs. Comprehensive bibliogra- 
phy covering research in USSR, with a review of the 
most important results obtained in the development 
of the theory of the boundary layer. The analysis 
of the problems encountered includes that of bounda- 
-y layer and resistance in compressible gas at large 
velocities, certain special aspects of the theory of 
boundary layer in incompressible fluid, turbulent 
boundary layer in plane-parallel motion of incom- 
pressible fluid, and laminar boundary layer for the 
case of plane-parallel motion of incompressible 
fluid. The one-parameter method applied for com- 
puting the flow of wing profiles and other cylindrical 
bodies in two-dimensional flow is discussed,and the 
special problem of the decrease of friction due to 
changes in the physical constants of the liquid or gas 
is analyzed. 


THE LAMINAR BOUNDARY LAYER ON OSCIL- 
LATING PLATES AND CYLINDERS. M.B. Glauert. 
J. Fluid Mech., May, 1956, pp. 97-110. Theoreti- 
cal investigation of the two-dimensional, laminar 
boundary layer on an infinite plate normal to an on- 
coming stream, the plate making transverse oscil- 
lations in its own plane, and derivation of a solu- 
tion, containing the frequency of oscillation asa 
parameter and depending on a single, ordinary dif- 
ferential equation which satisfies the full Navier- 
Stokes equations. Series methods are used to eval- 
uate the solution for small and large values of the 
frequency, and enough terms are calculatedto give 
the solution with satisfactory accuracy over the 
whole frequency range. It is shown that the results 
for a flat plate can be used to describe the boundary 
layer in the neighborhood of the front stagnation 
point for a cylinder of arbitrary section making 
transverse or rotational oscillations. Difficulties 
arising in the extension of the solution to cover the 
remainder of the cylinder are discussed,and an es- 
timate is made of the fluctuating torque on acircular 
cylinder making transverse oscillations. 


METHODES DE CALCUL DE LA COUCHE LI- 
MITE LAMINAIRE BIDIMENSIONNELLE EN RE- 
GIME COMPRESSIBLE. E. A. Eichelbrenner. 
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raft | ance, ONERA Pub. 83, 1956. 135 pp. 28 refs. 
heat in French. Development of methods for the calcu- 
a ation of the laminar three-dimensional boundary 
nd ap- layer in a compressible fluid, with an analysis of 
ite the initial conditions related to the problem of the 
ss ie poundary layer behind a detached shock wave and 
ith with a discussion of mathematical aspects of the 
nenta- problem. Two methods are analyzed: (a) iterative 
der and method based on the Moeckel criterion for the ap- 
bubble proximate calculation of the position and the curve 
nul of a detached shock wave in front of an obstacle and 
method based on the nonsimplified Navier-Stokes 
low system; both methods are compared with that of 
— Pohlhausen. 
GRENZSCHICHTUNTERSUCHUNGEN AN ZWEI 
sSCHIEBENDEN, UNENDLICH LANGEN FLUGELN 
IN INKOMPRESSIBLER STROMUNG. K. Nickel. 
DFL Inst. ftir Aero. Bericht No. 56/12, Apr. 18, 
| (Trans 1956. 41 pp. In German. Investigation of the 
y Years,| boundary layer on two yawed, infinitely long air- 
0, May, foils in incompressible flow. The Truckenbrodt 
‘Ogra- | method is used to calculate laminar and turbulent 
ew of the] boundary layers on two experimental airfoils, one 
lopment having a standard and the other a laminar cross 
alysis } section. A comparison with theoretical results in- 
f bounda-| dicates that the shape of the wing has little influ- 
s atlarge| nce on the displacement of the boundary layer. 
eory of | computed results compared with those experimen- 
bulent | sly obtained show good agreement. 
ncom- 
for the OBLICZANIE CHARAKTERYSTYCZNYCH 
sible WIELKOSCI WARSTWY PRZYSCIENNEJ BURZ- 
or com | IWEJ NA PODSTAWIE WYNIKOW BADAN 
lindrical poOSWIADCZALNYCH. Wojciech Brzozowski. 
d,and the | arch, Budowy Maszyn (Warsaw), No. 2, 1956, pp. 
due to | 165-189. In Polish. Description of a theoretical 
tid or ga | method of calculating the characteristic quantities 
ofthe turbulent boundary layer by using Bury's for- 
OSCIL- mula and the mean gradient of static pressure 
- iii: along the perimeter of the section. The method is 
nents tased on the results of an experimental investiga- 
salads tion on a model of a blade with an NACA 0012 sec- 
a The quantities calculated include the loss of 
ia deal the impulse (.%) of the turbulent boundary layer, and 
a solu. Parameter H, and the results obtained are com- 
ayers jared with the experimental results of Doenhoff and 
leterwin, Fage, Falkner and Walker, with good 
at a agreement. Includes determination, on the basis 
{numerous measurements, of the relation of pa- 
ot ie tameter H = f{(H) in order to calculate the efficiency 
sd to give of two-dimensional cascades of blades used in heli- 
sear ‘opters, and comparison of results with those pre- 
viously obtained indicates deviations of 5 to 6%. 
aeuaiens The method is primarily applicable to airflows with 
oailinats pressure gradients similar to those measured under 
‘imilar conditions. 
ficulties UNTERSUCHUNGEN UBER DIE ABHANGIGKEIT 
cover the | UMSCHLAGES LAMINAR-TURBULENT VON 
nd |0ER OBERFLACHENRAUHIGKEIT UND DER 
1 acirculat | RUCKVERTEILUNG. E.G. Feindt. DFL Inst. 
Aeto., Berich No. 56/10, Apr. 17, 1956. 167 pp. 
HE LI- hGerman. Experimental investigation to deter- 
EN RE- nine the manner in which the location of the lami- 
’r-turbulent transition point depends on pressure 
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gradient and surface roughness in the case of flow 
along a wall with three-dimensional roughness ele- 
ments and flow along a wall with a two-dimensional 
individual roughness element. Results of measure- 
ments show that the separation between the experi- 
mentally determined transition point and the aero- 
dynamic center (obtained from the stability theory 
of laminar flow) depends on the grain size of an 
evenly distributed roughness. Further includes 
theoretical calculation of the nature of the boundary 
layer coefficient using the Scholz method. A com- 
parison with experimental values shows good agree- 
ment. 


Control Surfaces 


MIXING AND THE JET FLAP. B.S. Stratford. 
Aero. Quart., May, 1956, pp. 85-105. Study of the 
problem of discrepancy in thrust between idealized 
theory and experimental results attributed to the 
mixing with the surrounding flow of the thin two-di- 
mensional jet, while still in close proximity to the 
airfoil. The effectof the mixing can be calculated 
to a first approximation from a formula derived 
from first principles. Results show that the use of 
by-pass engines would improve the thrust character- 
istics and that a shrouded jet flap gives a better 
thrust recovery at take-off than the pure jet flap. 


SOME FURTHER JET FLAP EXPERIMENTS. 
N.A. Dimmock. Gt. Brit., NGTE Memo. M.255, 
May, 1956. 70 pp. Extension of Dimmock's results 
of experiments on a two-dimensional airfoil with a 
12. 5% thick elliptical cross section with a narrow 
full span jet slot, to the same type of airfoil with 
the jet deflection 58.1° from the chord line. Tests 
include photographic recording of the flow pattern 
in the vicinity of the airfoil, as revealed by smoke 
filaments, and measurements of the forces and 
moments acting on the model. Results largely con- 
firm those previously obtained and support the Da- 
vidson-Stratford theory for a simple jet flapairfoil 
with or without incidence. The photographic record- 
ings indicate that with the airfoil at zero incidence 
the entrainment of the mainstream by the jet is suf- 
ficient to cause the mainstream to rejoin the upper 
surface after separation at the leading edge, even 
with a full chord separation bubble. Further results 
indicate that the reduction of lift and thrust and the 
movement aft of the center-of-lift position due to 
ground interference are substantial at small ground 
clearances, 


Fluid Mechanics & Aerodynamic Theory 


ON THE STEADY FLOW PAST A SPHERE AT 
HIGH REYNOLDS NUMBER USING OSEEN'S AP- 
PROXIMATION. K. Stewartson. Philos. Mag., 
8th Ser., Apr., 1956, pp. 345-362. 15 refs. Re- 
sults of a shorter de-ivation of the Oseen approxi- 
mation indicate that a boundary layer is formed on 
the forward side and a wake extending to infinity on 
the rearward side. Inside the wake, which is bound 
ed by a circular cylinder with its generators paral- 
lel to the undisturbed direction of the streamlines, 
the fluid at infinity is moving towards the sphere, 
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while outside it is moving away with the 


ed velocity, and there is a shear layer at the cy- 
linder. 

THE SLENDER ELLIPTIC CONE AS A MODEL 
FOR NON-LINEAR SUPERSONIC FLOW THEORY. 
M.D. Van Dyke. J. Fluid Mech., May, 1956, pp. 
1-15. 19 refs. Derivation of the second der 
slender-body solution for an unyawed elliptic cone 
in supersonic flow to serve as a basis for a cri- 
tique of various approximations in compressible 
flow theory, including slender-body, linearized, 
first- and second-order thin-wing the edge 
corrections; and the method of lineariz« rac- 
teristics 

LOI DES AIRES DES COUPLES. R gendre, 


La Recherche Aéronautique, Mar.-Apr 56, 


pp. 3-8. In French. Analysis of the f cou- 
pled areas. The supersonic flow of a es- 
sible fluid around a slender body follc e lav 
of quasi-incompressibility on Mach cones, which 
makes it possible to establish that the ance 
depends essentially on the law of coupling areas 
or on the distribution of transversal s s of 
the body as function of the abscissa. A modifi ca 
tion applicable to the study of the flo ound 
bodies at supersonic speeds is obtained sub- 
Stitution to coupled areas of areas inclu the 
projection of a transversal surface of ly inter- 
sections by Mach cones. 

BERICHT UBER EINE NAHERUNGSTHEORIE 
DER STROMUNG UM ROTATIONSKOR . OHNE 
ANSTELLUNG BEI MACHZAHL FINS. F. Keune. 
DVL Bericht No. 3, Dec., 1956. 23 pp. Westdeut- 
scher Verlag, K8ln & Opladen, DM 8.80. InGerman 
Development of an approximation anor ] 
around bodies of revolution at M=1 cor e th 
semi-spindle measurements. The Oswatitsch non- 
linear characteristics method is used to calculate 
the flow within and beyond the speed max um for 
bodies with falling velocities. 

DRIFT. M. J. Lighthill. J. Fluid Mec! 

May, 1956, pp. 31-53. Theoretical inv 7 
leading to a simple expression for the dary 
velocity field in the flow past an infinit ylinder 
of any cross section, with the upstrean locity 
normal to its axis and increasing linear ith dis- 
tance along the axis. Includes computat and il- 
lustration of the drift past a sphere and tion 
of the secondary vorticity field in shea: ast 
a sphere. Also includes a detailed s of the 
asymptotic form of the secondary cine tity field in 
the flow page any body, based on the Darwin result 
for hydrodynamic mass. The Cauchy-Helmholtz- 
Kelvin result, indicating that the vortex lines move 
with the fluid while the magnitude of the vorticity 
changes in proportion to the local stretching ofthe 
vortex lines, is combined with the study of drift of 


material surfaces to deduce the method ofaltera- 


tion of the vorticity in a weakly-sheared flow inthe 
presence of an obstacle, as a result of deformation 
of vortex lines by the irrotational component ofthe 


flow about the obstacle. 
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METER EQUATION FOR THE CASE OF A GAUS- 
SIAN CORRELATION COEFFICIENT. H. A. Stine 
and War Winovich. US, NACA TN 3719, June 
Zi 10 refs. Description of the method 
w] s based on the hypothesis that the turbulent 
field can be defined uniquely in terms of the scat- 
tered electromagnetic field which arises whena 
plane wave passes through the turbulence, and 
which is particularly a to turbulence mea 
urements in compressible flo in that it respond 
. only to density Batiebhines. 4 as opposed to the 
mixed-response signal of the hot-wire anemometer 
The method also eliminates the need for a probe 
and requires a minimum of electronic cuitry. 


- August, 1956 


DIFFRACTION OF A WEAK SHOCK WITH yo. 
TEX GENERATION. Nicholas Rott. J. Fluid Med 
May, 1956, pp. 1-128. 12 refs. OSR-supporteg 
theoretical investigation of the region of finite yo;. 
ticity near the edge of a diffracting wedge, a dime 
sional analysis of the dependence of the circulatio, 
and the velocity of the vortex region on the pulse 
strength, and an estimate of the magnitude of thes, 
quantities obtained by replacing the vortex region 
by a single concentrated vortex. Includes a discy;, 
sion of the theoretical conditions at the sharp edge 
compared with observations of real fluid behavior 


and an account of the theory of the core of the spir, 
vortex sheet in a perfect fluid. A potential gis a, 


sumed in treating the diffraction problem with vor. 
tex separation in the linearized approximation of 
compressibility, the Mach Number is assumed to 
be small compared to unity, and viscosity 
conduction are neglected. 


and heat 


APPLICATION OF SCATTERING THEORY TO 
THE MEASUREMENT OF TURBULENT DENSITY 
FLUCTUATIONS BY AN OPTICAL METHOD. Ap. 
pendix A---RELATIONSHIP BETWEEN DIELEC- 
TRIC FLUCTUATIONS AND DENSITY FLUCTUA- 
TIONS FOR AIR. Appendix B---TELEPHOTO- 


EIN VERFAHREN ZUR UNTERSUCHUNG DES 
AUSTAUSCHVORGANGES IN VERWIRBELTEN | 
wl ROMUNGEN HINTER KORPERN MIT ABGELG. 

ER STROMUNG. A.W. Quick. DVL Bericht No 
12, Mar., 1956. 34 pp. Westdeutscher Verlag, 
KSln & Opladen, DM 8.70. In German. Develop- 
ment of a method for the solution of the exchange 
flow inthe 


process between the outside flow and the 


vortex behind blunt bodies, and deter nation of 
the mechanism of the flow behind ‘ate with de- 
tached flow and of the turbulent mixing in free jets. 
Internal Flow 
BEITRAG ZUR BERECHNUNG VON S SEKUNDAR- 
STROMUNGEN. E. Becker. Max. -Planck-Inst. 
fiir Strémungsforschung, Mitteil. No. 13, 1956. 


85 pp. 
rotationally symmetric flow of a real incompres- 
sible fluid between two fixed parallel surfaces 

where the streamlines of the mean 
centric circles. The centrifugal forces caused by 
the curvature of the streamlines are followed by 
secondary flows. The secondary flows are deter- 
mined, taking into account experimental aspects 
covering turbulent flows and theoretical aspects of 


low form con- 


34 refs.DM 8. In German. Investigation of tht 
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the problem which include the laminar case. For 
the laminar case an iterative solution is obtained 
for the Navier-Stokes equation, in which the veloci- 
ty components in potential series are developed ac- 
cording to a parameter K, and the Dean calculation 
of the flow through a curved pipe is taken into ac- 
count. 


AN ANALYSIS OF THE PERFORMANCE OF AN 
AXIAL-F LOW COMPRESSOR AT LOW REYNOLDS 
NUMBER. R. L. Sohn. J. Aero. Sci., Aug.,1956, 
pp. 741-746, 791. Theoretical study of compres- 
sor performance taking into account the behavior 

of the boundary layer attached to the blades. The 
theory suggests that the blade boundary layer forms 
alaminar separation bubble shortly downstream of 
the point of minimum pressure, reattaching itself 
in turbulent form after the transition has taken 
place. At very low Reynolds Numbers the separated 
boundary layer is so stable that transition fails to 
take place upstream of the blade trailing edge. 

Under these conditions, the fluid turning accom- 
plished by the blade decreases abruptly, and the 
blade losses increase with an attendant loss in ef- 
ficiency. A critical Reynolds Number is described 
and verified by test data. An empirical method, 
based on cascade data, is derived for predict- 

ing the critical number. 


A POTENTIAL FLOW SOLUTION WITH APPLI- 
CATIONS IN STUDIES CONCERNING MASS ADDI- 
TION ALONG THE BOUNDARIES OF THE FLOW. 
J.L. Potter and N. M. Shapiro. USRA OML Rep. 
2RIOF, June 18, 1956. 17 pp. Analysis of a system 
where mass is added from the opposite walls of a 
two-dimensional container or chamber which is 
closed at one end and open at the other, using po- 
tential flow methods. Resulting st.eamline patterns 
and velocity distributions are shown for two exam- 
ples where parallel and divergent walis are com- 
pared. 


ON THE WAKE ENERGY OF MOVING CAS- 
CADES. N. H. Kemp and W. R. Sears. J. Appl. 
Mech., June, 1956, pp. 262-268. OSR-supported 
aalysis of the rate of energy transfer into kinetic 
energy of the vortex wakes for unsteady two-di- 
mensional flow in cascades of thin airfoils, as ap- 
plied to an elementary compressor stage consisting 
{two rows of blade in relative motion. Results 
indicate that the magnitude of the energy transferis 
small, amounting to less than 1% of the energy ab- 
sorbed by the rotor. For a two-stage rotor the 
tross-induced energy transfer may be negative . 
fhergy transfer of the upstream row is manytimes 
greater than that of the downstream row, owing to 
he disparity in the magnitudes of the respective in- 
duced circulation fluctuations. 


ASTUDY OF THE HIGH-SPEED PERFORM- 
ANCE CHARACTERISTICS OF 90° BENDS IN CIR- 
CULAR DUCTS. J.T. Higginbotham, C.C. Wood, 
adE.F. Valentine. US, NACA TN 3696, June, 
356, 28 pp. Investigation of the performance of 
fur bends in ducts of constant diameter with ratios 
of radius of curvature to diameter of 0.75, 1.00, 
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2.50, and 4.00 over a range of inlet Mach Numbers 
extending up to the choking condition for both thin 
and thick inlet boundary layers. Determination of 
the variation of the measured longitudinal static- 
pressure gradients at low speed from those pre- 
dicted by two-dimensional, incompressible poten- 
tial-flow theory. Results indicate that the inlet 
boundary-layer thickness decreases the choking 
Mach Number by a very small amount for each of 
the elbows and has little effect on the other perform- 
ance parameters. 


EINFLUSS DER BOHRLOCHGROSSE AUF DIE 
ANZEIGE DES STATISCHEN DRUCKES BEI VER- 
SCHIEDENEN REYNOLDSZAHLEN. A. K. Ray. 
Ing.-Arch., No. 3, 1956, pp. 171-181. In German. 
Study for the determination of the error and error 
sources in the calculation of the flow between per- 
forated parallel walls, whose presence distorts the 
flow causing a change in the pressure. The influ- 
ence of the hole diameter on the static pressure at 
different Reynolds Numbers is calculated. 


THE OSCILLATIONS OF A SUPERSONIC GAS 
JET EMBEDDED IN A SUPERSONIC STREAM. 
D. C. Pack. J. Aero. Sci., Aug., 1956, pp. 747- 
753, 764. Theoretical analysis, based on the line- 
arized equation of steady motion in gas dynamics, 
of both two-dimensional and axially symmetrical 
jets. The analysis of the oscillations for the two- 
dimensional case sets up the procedure and pres- 
ents the findings of Pai and Kawamura in a general 
form, while illustrating some new features. A 
comparison is made between the reflection and 
transmission phenomena in the two-dimensional and 
axially-symmetrical cases, and the flow near to 
and at a large distance from the orifice from which 
the jet flows is examined. For both types of jetsit 
is assumed that pressure changes are small every- 
where, and both heat conduction and viscosity are 
neglected. Results indicate that the ultimate change 
in the width of an axially symmetrical jet is just 
one-half that of the two-dimensional jet under the 
same conditions at the orifice. Some remarksare 
made concerning the singularities within the jet as 
well as those which occur in the boundary gradient. 
In axially symmetrical jets it is found that the dis- 
placement of the jet boundary may be divided into 
three parts: the first is a constant (the asymptotic 
width of the jet); the second may be expressed as 
an infinite integral; and the third is obtained as the 
superposition of an infinite number of damped har- 
monic oscillations. It is noted that the general 
problem of the behavior of a supersonic jet emerg- 
ing into a medium in supersonic motion represents 
the motion of the flow of exhaust gases from the 
rocket motor relative to a rocket in supersonic 
flight. 


VELOCITY DISCONTINUITY INSTABILITY OF 
A LIQUID JET. B. Dunne and B. Cassen. J. 
Theoreti- 
cal and experimental investigation of the origins 
and behavior with time of the velocity discontinui- 
ty instability which occurs when the liquid reser- 
voir from which the jet issues is subjected to 
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shock wave pressure, causing a discontinuous 
increase in jet velocity, with a thin disc of liquid, 
normal to the jet axis, appearing at the disconti- 
nuity. Experimental work consists of four succes- 
sive quarter-microsecond exposures obtained bya 
shadowgraph technique, using jets of water and 
ethanol in external atmospheres of air and helium, 
in an interval of thirty microseconds. The as- 
sumptions of the modified Taylor-Birkhoff theory 
are used in an analytic discussion considering two 
velocity functions: (1) a jet with a particle veloc- 
ity at the aperture which is a step function oftime, 
and (2) a jet with a velocity which hasa transient 
rise followed by a linear decay with time. The 
velocity gradient in the jet is shown to have two 
effects on the disc shape: the successive elements 
with lower velocities cause the junction to move 
more slowly than the disc peripheral elements; 
and the successive elements flowing from the 
junction have a backward velocity component, caus- 
ing a stretching of the jet which results in a reduc- 
tion of cross-section. 


ON THE THRUST DUE TO AN AIR JET FLOW- 
ING FROM A WING PLACED IN A WIND TUNNEL. 
L. C. Woods. J. Fluid Mech., May, 1956, pp. 
54-60. Derivation of a theory for correcting the 
measured thrust on the wing due to a high speed jet 
emerging from it in order to obtain the infinite 
stream value. The theory establishes that the ideal 
thrust is almost independent of the jet exit angle. 


Stability & Control 


INVESTIGATION OF LATERAL CONTROL 
NEAR THE STALL; ANALYSIS FOR REQUIRED 
LONGITUDINAL TRIM CHARACTERISTICS AND 
DISCUSSION OF DESIGN VARIABLES. F.E. Weick 
and Norman Abramson. US, NACA TN 3677, June, 
1956. 9l pp. 12 refs. Development of analytical 
means for the estimation of the elevator deflection 
required to trim in steady longitudinal flight and 
for the demonstration in a quantitative manner of 
the effects on longitudinal trim of changes of some 
design parameters. Simplified methods and semi- 
empirical dataare summarizedto provide analytical 
procedures applicable to preliminary design. Two 
light aircraft are analyzed quantitatively for both 
power-on and power-off conditions in order to dem- 
onstrate the use of these methods and to provide a 
comparison with flight-test results. Calculated val- 
ues are presented for both aircraft to demonstrate 
the qualitative effects of changes in some variables 
and the effects of power. Results indicate that these 
methods can result in a design in which the maxi- 
mum up-elevator deflection may be maintained with- 
in the highest value that will provide satisfactory 
damping in roll and reliable lateral control under 
all flight conditions, while, at the same time, ade- 
quate longitudinal control is available. 


INVESTIGATION OF LATERAL CONTROL NEAR 
THE STALL; FLIGHT TESTS WITH HIGH-WING 
AND LOW-WING MONOPLANES OF VARIOUS CON- 
FIGURATIONS. F.E. Weick and H.N. Abramson. 
US, NACA TN 3676, June, 1956. 34 pp. Results 
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indicate that for all the light aircraft tested ad. 
quate lateral control is available up to a critic, 
angle of attack which is within 2° of the angle a} 
attack formaximum lift. The elevator deflectio, 
required to make a three-point landing and the ¢, 
evator deflection required to trim at this conditj 
are determined with power off and power on for 
each aircraft. 


Wings & Airfoils 


APPLICATION DE LA THEORIE DES MOUY:, 
MENTS HOMOGENES AU CALCUL DES EFFE}; 
DE PORTANCE POUR DES AILES EN FLECHE 
EFFILEES. M. Fenain and D. Vallee. La Re. 
cherche Aéronautique, Mar.-Apr., 1956, pp, lj. 
25. In French. Application of the theory of ho. 
mogeneous motion to the calculation of the effec; 
of lift on delta wings. Also includes calculation 
of the effects of spin whose law depends on two 
parameters, used as an illustrative example of 
the application. 


LIMITES D'APPLICATIONS DE LA THEORIE 
DE LA LIGNE PORTANTE AU CALCUL D'AILES 
D'AVIONS MUNIES DE SPOILERS. A. Fauquet, 
Inst. Mec. Fluides, Lille, France, IMFL No.5t 
HR, Mar. 30, 1956. 107 pp. In French. Applica- 
tion of the lifting line theory to the calculation of 
airfoils equipped with spoilers, with an analysis« 
its limitations. Extension of previously obtained 
results on rectangular wings and of the calculatio: 
of their lift, drag, and rolling and yawing momen 
using the Prandtl lifting line theory, to airfoils oj 
aspect ratios 5, 4, and 3, andto spoilers ata dis. 
tance from the leading edge of 10, 20, 30, 40, 60, 
and 80% chord. Comparison of theoretical and ex: 
perimental data indicates that lift, drag, and yaw- 
ing moments can be obtained for spoilers at over 
35% from the leading edge and for aspect ratios 
equal to or higher than 3. The calculation of the 
rolling moment is limited to spoilers situated at 
more than 60%, 


DER GEWOLBTE UND VERWUNDENE TRAG- 
FLUGEL OHNE DICKE IN SCHALLNAHE. F. Keune 
DVL Bericht No. 13, Apr., 1956. 30 pp. 15 refs. 


Westdeutscher Verlag, Kiln & Opladen. In 
Derivation of aerodynamic data for cambered and 
twisted airfoils as an extension of the Jones theory 
of plane or pointed wings of low aspect ratio. It is 
shown that all the parameters depend on the Mach 
Number, and that the theory can be applied tocasei 
of small elastic deformations. Comparison withthe 
Lange and Behrbohm mathematically exact calcula- 
tions on triangular wings for small aspect ratios au 
with the Prandtl-Glauert law for standard aspect 
ratios shows good agreement. 


APPLICATION OF DRAG-REDUCTION METH- 
ODS TO SUPERSONIC BIPLANES. Appendix---Al 
TERNATIVE PROOF OF NON-INTERFERENCE 0 
CERTAIN SYMMETRIC AND ANTISYMMETRIC 
LIFT AND VOLUME DISTRIBUTIONS. M.E. Gre 
ham. Douglas Rep. SM-19258, Sept., 1955. 74 PP 
14 refs. Theoretical analysis, taking into consider’ 
ation the singularity distributions along the axis 
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where the fuselage is to be located and in the two 
planes where the wings are to be situated, rather 
than the actual wing and fuselage shapes. The a- 
nalysis is based on the Hayes method and applies 
the linear theory. 


APPROXIMATE INDICIAL LIFT FUNCTIONS 
FOR SEVERAL WINGS OF FINITE SPAN IN INCOM- 
PRESSIBLE FLOW AS OBTAINED FROM OSCILLA- 


TORY LIFT COEFFICIENTS. J.A. Drischler. US, 
NACA TN 3639, May, 1956. 26 pp. 13 refs. Calcu- 


lation of the indicial lift functions for a wing under- 
going a change in sinking speed in an incompressi- 
ble medium from the oscillatory lift coefficients for 
a wing oscillating harmonically in pure translation- 
al motion. Functions are presented for delta wings 
having aspect ratios of 0, 2, and 4, and the local 
and total functions for elliptical and rectangular 
wings having aspect ratios of 0, 3, and 6. Results 
indicate that the growth of lift for delta wings is 
more rapid than that for elliptical and rectangular 
wings of the same aspect ratio; that for ellipticalor 
rectangular wings the spanwise distributions of the 
lift are substantially independent of time; that the 
normalized unsteady-lift functions are relatively in- 
dependent of plan-form shape for elliptical, rectan- 
gular, or moderately tapered wings; and that the 
growth of lift, for all wings investigated, is more 
rapid as the aspect ratio is decreased. 


WIND-TUNNEL INVESTIGATION OF THE EF- 
FECT OF CLIPPING THE TIPS OF TRIANGULAR 
WINGS OF DIFFERENT THICKNESS, CAMBER, 
AND ASPECT RATIO - TRANSONIC BUMP METH- 
OD. H.F. Emerson. US, NACA TN 3671, June, 
1956. 183 pp. Test results giving lift, drag, and 
pitching moment data on a se-ies of triangular wings 
whose tips are clipped progressively. Four basic 
plan forms are tested with aspect ratios of 2.0, 

2.5, 3.0 and 4.0, and taper ratios of 0.1, 0.2, 0.3, 
and 0,4. The NACA 63A00Xprofile is used with 
thickness-to-chord ratios of 0.02, 0.04, and 0.06. 
Data is obtained over a Mach Numbe. range from 
0.6 to 1.10 corresponding to a Reynolds Number 
range from 1.85 million to 2.9 million. Results in- 
dicate that wings with clipped tips have higher val- 
ued lift slope curves than those with pointed tips. 
When the taper ratio is increased from 0 to 0.1, the 
values of the drag-rise factor decrease, Also 
cambered wings have consistently lower values of 
drag-rise factor than plane wings. In general, the 
values of pitching-moment-curve slope become less 
negative with increasing taper ratio. 


EXACT AND APPROXIMATE SOLUTIONS FOR 
THE SUPERSONIC DELTA WING. L. R. Fowell. 
J. Aero. Sci., Aug., 1956, pp. 709-720, 770. 14 
tefs. Results of a theoretical investigation to ob- 
tain an exact solution of the equations governing 
steady inviscid supersonic flow with constant stag- 
nation enthalpy about an infinitely thin flat wing 
with supersonic leading edges at a finite angle of 
attack and zero angle of yaw -- a problem in exact 
Cone field theory. The methods used are indicated. 
Analysis results in: the derivation of exact solu- 
tions for the flow over the compression surface and 
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for that over the expansion surface in the continuous 
case; the determination of the boundaries of the do- 
main of the wing apex (except the shock segment on 
the compression side) and the derivation of the solu- 
tions outboard of the boundaries; the establishment 
of a singularity in the entropy along the wing cen- 
terline; and the determination of the region of non- 
zero entropy gradients as well as calculation ofthe 
rotationality effect on the compression side. The 
solutions within the apex domain are found by relax- 
ation processes -- that on the compression side 
involving an iteration procedure for the location of 
the curved shock portion of the domain boundary. 
Includes description of a method to yield a closeap- 
proximation to such exact solutions by means of an 
adjustment of the linearized solution, based upona 
matching of the linearized and the exact solutions 

at the boundary of the apex domain, and also of an 
approximate procedure of solution for the discon- 
tinuous case of the flow over the expansion surface, 
in which the discontinuity takes the form of aconical 
shock, with experimental confirmation. 


AEROELASTICITY 


AEROELASTIC PROBLEMS OF LOW ASPECT 
RATIO WINGS. V---APPLICATION OF THE 
STRUCTURAL AND AEROELASTIC MATRICES TO 
THE SOLUTION OF STEADY STATE AEROELAS- 
TIC PROBLEMS. J.E.F. Farbridge, F.A. Wood- 
ward, and G.E.A. Thomann. Aircraft Eng., June, 
1956, pp. 196-198. Description of a method for 
obtaining stability derivatives of the elastic wing 
by using a system of unit loads, and a discussion 
of the occurence of wing divergence and control 
surface reversal speeds. 


THE INTEGRAL EQUATIONS OF AEROELAS- 
TICITY. Appendix I - EXPERIMENTAL DETER- 
MINATION OF INFLUENCE FUNCTIONS FOR A 
SWEPT WING. Appendix II - REMARKS ON THE 
USE OF HAMILTON'S PRINCIPLE. J.R.M. Radok. 
Australia, Aero.Res. Comm. Rep. ACA-56, May, 
1955. 32 pp. 14 refs. Formulation of a unified the- 
ory of all aeroelastic phenomena, based on the deri- 
vation of equations of equillibrium. The analysis 
considers the problems of static aeroelasticity, in- 
cluding aileron reversal and wing divergence, and 
of dynamic aeroelasticity, including free andforced 
vibrations in vacuo, flutter and dynamic stability, 
and gust loads. Results indicate that the integral 
equation representation leads, within clearly stated 
assumptions, to an exact statement of the basic prob 
lems, permits the preservation of the continuous 
character of the underlying physical data, andoffers 
the choice of independent variables other than deflec- 
tionandtwist, satisfying the special problem re- 
quirements. A close relationship is indicated be- 
tween the less general matrix equations and the in- 
tegral equations. Includes detailed solution of the 
problem of the forced motion of an aircraft subject 
to bending in the absence of air forces. 


ON THE AERODYNAMIC INSTABILITY OF 
THIN PANELS. J. W. Miles. J. Aero. Sci., 
Aug., 1956, pp. 771-780. 16 refs. Analysis of 
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self-excited motion of an infinite, approximately 
plane, thin panel placed in compressible flow, us- 
ing linearized theory. Stability boundaries are de- 
termined in a plane having as coordinates a speed 
parameter, mass parameter, and with the Mach 


Number as the family parameter of these boundaries. 


It is found that the stiffness required to prevent 
instability increases monotonically with both the 


mass parameter and the Mach Number, exhibiting 
avery steep rise with respect to Mach Number for 
the relatively short wave lengths representative 
of practical configurations, although tending t 
independence of the Mach Number for very large 
wave lengths. No analytical difficulties are found 


in the transonic range. 


A METHOD FOR THE SOLUTION OF INSTABIL- 
ITY PROBLEMS; ANALYSIS OF PENCILS OF SIN- 
GULAR HERMITIAN MATRICES. J.P.O. Silber- 
stein. Australia, ARL Rep. SM.233, Sept., 1955. 
32 pp. Description of a procedure applicable tc 
cases in which convergence difficulties require the 
use of high order matrices, where matrix iteratio 
methods are advantageous. The procedure, which 
is based on an extension of the theory of matrix pen- 
cils, requires the partial inversion of B, followed 
by a type of minimal iteration, in eigenvalue prob- 
lems of the type (A -AB)x= 0, where A and B are 
symmetric matrices. Results indicate that the 


method is most efficient when B is extreme sim- 
ple; the nullmanifold of B introduces only a super- 

ficial complication; although at each step the order 
of the system requires an additional orth liza- 
tion, the complete solution requires only 1 steps; 
and all the checks available to other iteration meth- 
ods, including the important one Up = 0, are 
ble to this one. 


SOME WIND-TUNNEL EXPERIMENTS ON SIN- 
GLE-DEGREE-OF-FREEDOM FLUTTER OF AI - 
LERONS IN THE HIGH SUBSONIC SPEED RANGE. 
S.A. Clevenson. US, NACA TN 3687, June, 1956, 
32 pp. Results of wind-tunnel tests on thre: 


models with various aileron configurations. Densi- 
ty in the range of 0.08 x 10 “to 0.58 x 10-* slug pe 
cu. ft. is found to have little effect on the initial 
amplitude or initial Mach Number associated witk 
the aileron oscillations. The frequencies de ase 
somewhat with decrease in density and the initial 


Mach Number associated with buzz decreases with 
increasing angle of attack. Mass balancing and 
changes in spring stiffness have little effect and in- 
creasing the aileron mass moment of inerfia lowers 
the oscillation frequency. The onset of buzz is de- 
layed to a higher Mach Number by placing the ailer- 
on at the wing tip. Experimental indications are 
found for the buzz range limited to a range of Mach 
Numbers above the wing critical Mach Number. 


THE BEHAVIOUR OF DAMPED LINEAR 
SYSTEMS IN STEADY OSCILLATION. R.E.D. 
Bishop. Aero. Quart., May, 1956, pp. 156-168. 
Description of a theoretical method which assumes 
hysteretic, rather than viscous damping, whereby 
the nature of damped vibration can be demon - 
strated in general terms. Includes a brief sum - 
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mary of the relevant features of the theory of wn. 
damped systems, and an analysis of the hysteretic 
damping of systems with n degrees of freedom 
and of systems with small dampirg. Results indi. 
cate that the assumption of hysteretic damping per. 
mits the development of qualitative solutions with 
comparative ease, simplifies the algebra to pro. 
vide greater insight into the mathematical theory 
of damped vibration, simplifies the analysis of sys. 
tems whose damping is not small, and illustrates 
how the introduction of damping modifies certain 
simple results of the standard theory for conserva. 
tive systems. 


A METHOD FOR DEFLECTION ANALYSIS OF 
THIN LOW-ASPECT-RATIO WINGS. Appendix A.- 
INFLUENCE COEFFICIENTS FOR THE WING AT- 
TACHED TO THE FUSELAGE. Appendix B - Ex. 
AMPLE DERIVATION OF A MATRIX EQUATION. 
Manuel Stein and J. L. Sanders, Jr. US, NACA TN 
3640, June, 1956. 65 pp. Development of a meth- 
odof obtaining the influence coefficients for low-as- 
pect ratio wings of built-up construction. Chord- 
wise deflections are assumed to be parabolic or lin 


ear, and the principle of minimum potential energy 
is used in conjunction with difference equivalents to 
obtain an appropriate set of equilibrium equations 
Organized in matrix form. Symmetric and antisyn- 
metric load support conditions are considered and 
influence coefficients are derived in each case. A 
procedure is given whereby these coefficients may 
be modified to obtain appropriate ones for other 
types of supports, including a pin-jointed mounting 
on a flexible fuselage. 


SOME INTEGRALS RELATING TO THE VIBRA- 
TION OF A CANTILEVER BEAM AND APPROXIMA: 
TION FOR THE EFFECT OF TAPER ON OVER- 
TONE FREQUENCIES. A.I. Martin. Aero. Quart, 
May, 1956, pp. 109-124. Derivation of formulas ap- 
plied to the investigation of approximate numerical 
values of overtone frequencies of a turbine blade. 
The solution is used to obtain new formulas, bypro 


ceeding along the lines of the calculus of perturba- 
tion, to give second order approximations for the 
effects of uniform breadth and thickness tapers on 
the overtone frequencies. Results are presentedin 
tabular form,with numerical values for thickness 
taper verified by a comparison to experimental re- 
sults. 


A METHOD OF SOLUTION FOR LATERAL VI- 
BRATIONS OF A NON-UNIFORM BAR AND A CIR- 
CULAR PLATE WITH VARIABLE THICKNESS. 
H. Takeyama. J. Japan Soc. Aero. Eng., May, 
1956, pp. 1-7. 13 refs. In Japanese. Development 
of a method for solving analytically the lateral vi- 
bration equation of nonuniform bars subjected to 
axial forces and of circular plates with variable 
thickness which may be stressed axisymmetrically 
by rotation about their axis and heating, by trans- 
forming them into Volterra integral equations of 
the second type. Determination of the frequencies 
of the vibration of a uniform bar which is standing 
vertically or hanging downward and of a Fredholm 
integral equation of a circular plate with the fixed 
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type conditions along its inner and outer peripheries. 
The Fredholm determinant for the integral equation 
of a rotating bar can be expressed by the frequency 
equation de rived from the original vibration equation. 


AIRPLANE DESIGN 


Air Conditioning & Pressurization 


TURBOCONDITIONING SYSTEMS WITH VAPOR 
COMPRESSION CYCLES. J.P. Barger, W.M. Roh- 
senow, and K.M. Treadwell. ASME Semi-Annual 
Meeting, Cleveland, June 17-21, 1956, Paper 56-SA 
a i 17 pp. Comparison of the relative perform- 
ance and possible configurations of turbocondition- 
Nu- 
merical values for the performance of eight differ- 
ent system arrangements at Mach Numbers 2, 3, 
and 4 are presented, The results clearly demon- 
strate the increasing difficulty of cooling as the 
speed increases, pointing to the great advantage of 
especially at higher Mach Numbers. 
Includes flow diagrams for-.24 possible systems 


ing systems for cooling supersonic aircraft. 


regeneration, 


using bled air from the engine or ram air froma 
separate diffuser. 


Landing Gear 


CORRELATION, EVALUATION, AND EXTEN- 
SION OF LINEARIZED THEORIES FOR TIRE MO- 
TION AND WHEEL SHIMMY. R.F. Smiley. US, 
NACA TN 3632, June, 1956. 139 pp. 39 refs. Anal 
ysis of existing theories of linearized tire motion 
and wheel shimmy, and the development of a gener- 
al summary theory f.om the kinematic relation of 
the von Schlippe-Dietrich type, governing the mo- 
tion of elastic tires without skidding. Primary 
forces and moments acting on a rolling tire areused 
to establish the equations of motion for arbitrary 
rolling conditions, and a systematic procedure is 
developed for forming approximations to the sum- 
mary theory for shimmy of more complex landing 
gear structures than those previously considered. 
Comparison of existing experimental data with the 
predictions of the summary theory and the system- 
atic approximations provide a fair substantiation of 
more detailed approximate theories. 


COMPUTERS 


THE INTEGRATED USE OF ANALOG AND DIG- 
ITAL COMPUTING MACHINES FOR AIRCRAFT 
DYNAMIC LOAD PROBLEMS. B. Mazelsky and 
R. F. O'Connell. J. Aero. Sci., Aug., 1956, pp. 
721-740, 780. Evaluation of the advantages and 
disadvantages of both the digital and analog com- 
puters, and description of an analytical method us- 
ing the best features of each. Includes numerous 
examples of solution by the proposed procedure of 
several dynamic load problems for typical airframe 
configurations, in order to illustrate the speed and 
accuracy of the method. 


ELECTRONICS 


THE DESIGN OF HIGH-POWER TRAVELING- 
WAVE TUBES. M. Chodorow and E.J. Nalos. 
Proc. IRE, May, 1956, pp. 649-659. USAF-Navy 
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-~Army-supported experimental investigation of the 
problems involved in the design and operation of 
pulsed traveling-wave tubes operating at power 
levels of the order of a megawatt. Analysis in- 
cludes: the procurement of a suitable slow-circuit 
and the development of techniques to measure the 
impedance and propagation properties; the design 
of couplers to match the circuits to conventional 
transmission lines over a broad-band; the attenua- 
tion for non-helix circuits; and the selection of suit- 
able attenuating materials. 


TURBULENT MIXING THEORY APPLIED TO 
RADIO SCATTERING. Appendix I---COMPARISON 
OF THE OBUKHOFF AND VILLARS-WEISSKOPF 
MODELS. Appendix II---CGCOMPARISON OF THE 
OBUKHOFF AND BOOKER-GORDON MODELS. 
R.A.Silverman. J. Appl. Phys., July, 1956, pp.699- 
705.19 refs. USAF-supported research applying the 
Obukhoff statistical theory, rather than the Gallet 
and Villars-Weisskopf heuristic theories, in con- 
nection with the problem of scattering due to refrac- 
tive index fluctuations. Results of study indicate 
that, in the case of ionospheric scattering, approxi- 
mate agreement with the observed scattered power 
is obtained if the refractive index fluctuations are 
attributed to electron density fluctuations produced 
by turbulent mixing in the lower edge of the Elayer. 
In the case of tropospheric scattering, approximate 
agreement with the observed scattered power can 
be obtained (except during the summer months) by 
attributing the refractive index fluctuations to tem- 
perature fluctuations. During the summer months 
and at low scattering heights, humidity and its fluc- 
tuations are expected to play a prominent role. Ex- 
perimental and theoretical evidence is cited in favor 
of perennial fractional-degree temperature fluctua- 
tions in the troposphere. 


FLIGHT TESTING 


QUELQUES ASPECTS DES ESSAIS DE VIBRA- 
TION AU SOL ET EN VOL. R. Mazet. France, 
ONERA TN 34, 1956. 17 pp. In French. Analysis 
of two aspects of the testing technique developed at 
ONERA for determining the critical velocities of 
prototype aircraft starting from vibration tests, 
and for the control in flight of the aeroelastic sta- 
bility of same prototypes. Includes experimental 
determination of the inertia coefficient related to 
different natural shapes of the aircraft. The cal- 
culations gain in speed by avoiding the use of the 
mass estimate from predicted values. The method 
used is that of displacement of frequencies which 
assumes that the natural mode has been previously 
isolated from the phase resonance by an appropriate 
excitation. During high-speed flight testing the pro- 
duction of free vibrations is obtained by the explo- 
sion of impulsors located in several points of the 
lifting surface. Free vibration modulated in fre- 
quency is recorded on a magnetic tape. 


INSTRUMENTS 


Automatic Control 


OPTIMALIZING CONTROL IN THE PRESENCE 
OF NOISE INTERFERENCE. Sedat Serdengecti. 
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Jet Propulsion, June, 1956, pp. 465-473. Discus- 
sion of a procedure for the detection of a modified 
peak-holding control system in order to determine 
its position inthe optimum or its correct mo 
eration. Procedures include direct sampling and 

ave aging technique, using a narrow band-pass fil- 


ter, direct integration technique, and filtering by 
the cross-correlation method. A statistical analy- 
sis is also carried out to demonstrate the efficien- 


cy of the method. 


Timing Devices 


TIME CORRELATOR FOR PROBLEMS IN AERO- 


DYNAMICS. G.T. Skinner. US, NACA TN 3682, 
June, 1956. 32 pp. escription of an instrument 
storing periodic samples of the signal in a boxfrom 


which they are recovered after a predetermined de- 


lay time. The device makes use of the general sta- 
tistical properties of the signals to be handled, 
which have nearly symmetrical probability distribu- 


tions. A few experimentally obtained correlation 
functions are given in order to indicate the degree 
of accuracy achieved, and comparison is 
tween the Fourier transfo:m function of the auto- 


made 


correlation function of a random output and t pow- 
er spectrum of the same function. Result dicate 
that the time correlator is suitable for wor tur 


bulent flows when the effects of auxilliary equip- 
ment are taken into account, and that some modifi- 
cations may be necessary for boundary-layer stud- 
ies arising in acoustic radiation problems. An 
idea of the significant time delays can be obtained 
by defining a time scale from a characteristic 
length and the flow velocity. 


MATERIALS 


Metals & Alloys 


EFFECT OF CRACK LENGTH AND STRESS 
AMPLITUDE ON GROWTH OF FATIGUE CRACKS. 
W. Weibull. Sweden, Flygtekniska Férsdksanstal- 
ten, FFA Medd. 65, 1956. 44 pp. Investigation of 
fatigue cracks using notched specimens of Unclad 
24 S-T and Alclad 75 S-T done with nearly 


constant 
stress amplitudes obtained by reducing the load in 
proportion to the remaining area. The tests were 
done at small intervals during which some increase 
in stress amplitude was inevitable. It was found 
that the growth rate of fatigue cracks is strongly 
influenced by small variations in the mean stress 


amplitude of an interval. The relationship between 
stress amplitude and growth rate has been deter- 
mined. Values of rates at given stress amplitudes, 
momentarily obtained in specimens in the normal 
way subjected to constant load amplitudes, have 
been compared with the present values for constant 
stresses. The former were somewhat lower than 
the latter, but the differences were too small to 
considered significant. 


INVESTIGATION OF PLASTIC BEHAVIOR OF 
BINARY ALUMINUM ALLOYS BY INTERNAL-FRIC- 
TION METHODS. R.E. Maringer, L.L. Marsh, 
and G.K. Manning. US, NACA TN 3681, June, 1956. 
44 pp. 26 refs. Results of internal-friction tests 
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de of op- 


indicating that nominal additions of 0.1, 1.0, ang 

5.0 weight per cent copper and magnesium to alu. 
minum have significant effects on damping behavip, 
Small additions of copper raise the internal frictig, 
and lower the shear modulus above 200° C., and 

large additions of copper and magnesium raise th 
shear modulus and lower the damping. An anoma. 
lous internal-friction peak is observedat approx. 
mately 125°C. in aluminum containing 1. 00% coppe, 
supposedly resulting from the interaction of disloc; 
tions and impurity particles. The internal frictio, 
during plastic deformation is sensitive to strain 

rate, amount of strain, alloy content, heat treat- 
ment, temperature, andthe frequency at which the 
measurements are made. The internal friction de. 
creases with increasing temperature for alloys cq. 
taining 0.08% copper and 0.09% magnesium but in. 
creases with increasing temperature for richer al. 
loys. 


COMPARISON OF THEORETICAL AND EXPRR. 
IMENTAL RESULTS FOR 24 S-T AND 75 S-T A- 
LUMINIUM ALLOY COLUMNS BUCKLING IN THE 
ELASTIC AND INELASTIC RANGES. B. Braathen 
and B. R. Noton. Sweden, Flygtekniska Firsdks- 
anstalten, FFA Medd. 66, 1956. 31 pp. 12 refs, 
Theoretical and experimental investigation of elas. 
tic and inelastic buckling in columns. Specimens 
tested include 150 aluminum columns, 17 pin-ended 
and 133 flat-ended. Theoretical ultimate loads are 
calculated on the basis of the tangent-modulus the- 
ory, the reduced-modulus theory, and the extended 
Southwell method, and curves of comparison pre- 
pared. Results indicate that no theory seems to 
give complete agreement with test results due to 
uncertainties concerning material properties and 
testing equipment. However, it is possible to esti- 
mate the buckling load of a perfect column using 
the extended Southwell method, but owing to uncer- 
tainties involved the simpler tangent modulus for- 
mula will give just as reliable results. 


THE STRUCTURAL DAMPING OF TITANIUM 
AT ELEVATED TEMPERATURE. H.F. Hunter. 
Aero. Eng. Rev., Aug., 1956, pp.18-21. Experi- 


mental investigation using a heated tuning fork, with 
results expressed in terms of the logarithmic de- 
crement of the decaying oscillation. Includes cal- 
culation of the dynamic modulus of elasticity varié- 
tion from ratios of measured frequencies. Results 
indicate that in the range of parameters tested, 
damping always increases with stress level and de- 
creases with frequency; a frequency below 25 cy- 
cles per sec. probably exists at which damping is 
at a maximum and below which it decreases; short 
and intermediate length tuning forks display mini- 
mum damping at 500° F., while the long fork shows 
a relatively constant value between 80° and 500°F; 
the log decrement of decay varies between values 
of 0.0002 and 0. 04 at temperatures between 80° and 
1,000°F., bending stress between 1, 000 and 29, 000 
psi, and frequencies between 87 and 600 cps; and 
the dynamic modulus of elasticity varies linear- 
ly with temperature, displaying approximately 75% 
of room temperature value at 1, 000° F. 
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INTERNATIONAL AERONAUTICAL ABSTRACTS 


Testing 


DIFFUSION CENTRALE DES RAYONS X PAR 
LES METAUX. Jean Blin. France, Min. de l'Air 
PST 311, 1956. 97 pp. 44 refs. SDIT, 2 Av. 

In French. Study 
of the diffusion of X rays by metallic crystals, inor- 
der to determine the distortions caused by the plas- 
tic deformation of crystals. Guinier results are 
taken into account. A Geiger-Muller counter is 
used and all parasitic diffusions are eliminated by 
placing the apparatus in a vacuum chamber. The 
energy of the incident beam is evaluated in order to 
obtain absolete diffusion coefficients for comparison 
between theoretical and experimental diffusion val- 
ues. Includes a study of the variation of diffusion 
as function of the degree of the metal hammer-hard- 
ening. Metals used are copper, aluminum, and 
zinc, and the specimens are subjected to traction 
for obtaining a homogeneous deformation by main- 
taining the same physical conditions in the metal 
throughout the beam. 


MATHEMATICS 


ENCLOSED QUANTUM MECHANICAL SYSTEMS 
T.E. Hull and R.S. Julius. U. Brit. Columbia, 
Dept. Math., AFOSR TN-56-209, May, 1956. 10 
pp. ll refs. Development of a method leading to a 
general asymptotic formula for the eigenvalue prob- 
lems, which yields a simple asymptotic approxima- 
tion to the eigenvalue in each particular case, once 
the eigenfunction of the corresponding unrestricted 
system is known. Approximations are derived for 
the three-dimensional oscillator, the hydrogenatom, 
and the rigid rotator. Includes a brief description 
of the eigenvalue problems associated with such sys- 
tems and of some previous attempts to solve them. 


ON A REGULAR CAUCHY PROBLEM FOR THE 
EULER-POISSON-DARBOUX EQUATION. E. T. 
Copson. Proc. Royal Soc. (London), Ser. A, June 
12, 1956, pp. 560-572. Description of a method, 
suggesting a clue to a simple solution of the Cauchy 
problem, for solving the wave equation in space of 
any odd number of dimensions, without making use 
of any device for evaluating divergent intervals. 


ON THE EFFICIENCY OF CERTAIN TESTS FOR 
2x2 TABLES. J. H. MacKay. N.C. U. Inst. 
Statistics, MS 146 (AFOSR TN 56-192), Apr., 1956. 
1244 pp. 15 refs. Investigation to determine the 
best means of analyzing the results of anexperiment, 
set-up as a 2 x 2 contingency table with one set of 
marginal totals variable. Two tests are proposed 
for the case of two samples of equal size fromtwo 
binomial populations with the loss function symmet- 
tical, Theories are proposed to determine the 
asymptotic efficiency of Fisher-Tocher tests and 
the approximate chi square test. Includes an as- 
ymptotic solution when the distance between alter- 
natives and the error probabilities tends to zero. 


GRAPHICAL SOLUTION OF CERTAIN NONLIN- 
EAR DIFFERENTIAL-DIFFERENCE EQUATIONS. 
W.J. Cunningham. 


J. Franklin Inst., June, 1956, 
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pp. 621-629. ll refs. Description of a method ap- 
plicable to equations of the general form x (t)= f 
(x(t), x (t- r)} , where r is a constant and f [x (t), 

x (t- r)] is a single-valued function which may be 
nonlinear. The method, which uses a construction 
on the x(t)-x(t) plane, leads to a solution similar 
to the phase-plane solution commonly used in study- 
ing pure differential equations of the second order, 
yields the phase-plane curve, and locates points 
known in time along the curve. Solutions derived 
by use of the construction for two illustrative exam- 
ples are compared with those derived previously by 
approximate analytical methods and by the use of ar 
analog computer. All the solutions are in good 
agreement. The construction is also applicable to 
provide solutions for combinations of other numeri- 
cal values where other methods are ineffective. 


MISSILES 


GROUND HANDLING AND LAUNCHING PROCE- 
DURES FOR AN ALCOHOL-OXYGEN ROCKET MIS- 
SILE. T. M. Pettey, Jr. Jet Propulsion, June, 
1956, pp. 474-479. Evaluation of GE equipmentand 
procedures used in test programs involving several 
types of missiles having turbo-pumped feed systems. 
The shipped missiles are suspended inside reusable 
steel containers by an arcangement of rubber shear 
mounts. Assembly equipment includes a lifting 
beam and several adjustable dollies. For field 
transportation and erection, a modified German 
Meillerwagon is used. The launching stand is a 
tubular steel framework with a turntable for azi- 
muth adjustment and four support arms which re- 
tract at take-off. Servicing equipment includes a 
movable access platform, an alcohol -supply truck, 
and remotely controlled oxygen, gas pressurizing, 
and hydrogen peroxide supply systems. 


DYNAMIC BEHAVIOR DURING ACCELERATED 
FLIGHT WITH PARTICULAR APPLICATION TO 
MISSILE LAUNCHING. T. W. Oswald. J. Aero. 
Sci., Aug., 1956, pp. 781-791. Analysis of the dy- 
namics of winged missiles taking into account 
damping and lift forces. The classical stability 
theory is used assuming small oscillations, and 
therefore the equations of motion are linear. How- 
ever, since the speed is variable, the coefficients 
are not constant. An exact solution in terms of def- 
inite integrals of the Fresnel type is obtained. These 
integrals are functions of relative damping only, and 
are independent of frequency. Once the relative 
damping is determined the effects of acceleration, 
frequency, launching angle, thrust misalignment, 
and wind can be evaluated. 


NUCLEAR ENERGY 


AIRCRAFT DESIGN CONSIDERATIONS ASSO- 
CIATED WITH SHIELDING FOR AIRCRAFT NU- 
CLEAR POWER PLANTS. A. P. Fraas. IAS 
Natl. Summer Meeting, Los Angeles, June 18-21, 


1956, Preprint 644. 7 pp. Members, $0.35; non- 
member, $0.75. Discussion of the effects of radi- 
ation on organic and inorganic materials, with em- 
phasis on human physical reactions. Includes ta- 
bles of typical effects of radiation, key data for ac- 
tivation of representative pure materials, and re- 
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laxation lengths for fast neutrons and gamma rays. 
Ground handling and maintenance problems associ- 
ated with the use of nuclear reactors in an rcraft 
are briefly discussed. 
PHYSICS 

COLLOQUE SUR LA DIFFUSION. France, Min. 
de l'Air NT 59, 1956. 96 pp. 37 refs. SDIT, 2Av 
Porte-d'Issy, Paris 15, Fr. l, 000. In Frer Con- 


tents: ETUDE CRITIQUE DES DEFINITIONS FON- 
DAMENTALES RELATIVES A LA DIFFUSION (Crit- 
ical Study of Fundamental Definitions Related t 
Diffusion), J. Saivinien. JUSTIFICATION STATIS- 
TIQUE DE LA LOI DE LA DIFFUSION (Statistical 


Justification of the Law of Diffusion), J. J. Moreau 
CALCUL DU COEFFICIENT DE DIFFUSION PAR 
TIR DE MESURES DE DIFFUSION EN REGIME VA- 
RIABLE (Calculation of the Coefficient of I ion 
Starting from the Measurements of Diffusion in the 
Variable Regime), P. Vernotte. ETUDE CRITIQUE 


DES APPLICATIONS PHYSICO-CHIMIQUES DE LA 
DIALYSE (Critical Study of Physico-Che 
plications of Dialy sis), R. Marignan. ETU 


TERFEROMETRIQUE DE LA DIFFUSION DANS LES 
LIQUIDES (Interferometric Study of the D in 
Liquids), E. Calvet and H. Patin. DETERMINA 
TION DES COEFFICIENTS DE DIFFUSION LIDE 
DES ELEMENTS MARQUES (Determinat Coef- 
ficients of Diffusion by Means of Tracer & t es) 
S. Cordier. DIFFUSION AVEC PRECIPI ION 
DANS LES GELS; CAS DES PRECIPITAT! -ERI- 


ODIQUES (Diffusion with Precipitation ir 
Case of Periodic Precipitations), J. Sal 


MATION DE LIGNES MULTIPLES PAR UD £- 
ME PRECIPITANT SIMPLE LORS DE LA CIPI- 
TATION SPECIFIQUE PAR DOUBLE DIFFUSION 


MILIEU GELIFIE (Formation of Multiple 
Simple System During Specific Precipitat Dou- 
ble Diffusion in Gelatinous Media), M. Kar ki 
L'ANALYSE IMMUNO-ELECTROPHORETIQUE DE 
MELANGES DE PROTEINES (Immuno-Electropho - 
rous Analysis of Protein Mixtures), P. 


POWER PLANTS 


ZUR MECHANIK DER PHOTONEN-STRAH 
TRIEBE. E. Sanger. FPS Mitteil., Jaz 
92 pp. ll refs. R. Oldenbourg Verlag, Mi 
DM 36. In German. Theoretical analysis of basi: 
principles of jet propulsion as extended to the case 
of photon-jet propulsion, with discussion of chemi- 
cal and nuclear rockets, ram-jets, turbojet and 
propeller driven engines. Such factors as thr 
fuel consumption, operating range, exhaustvelocity, 
aircraft acceleration, velocity, and course are 
taken into account. 


LAN - 


Jet & Turbine 


SOME LINEAR DYNAMICS OF TWO-SPOOI 
TURBOJET ENGINES. David Novik. US, NACA 
TN 3274, June, 1956. 35 pp. Derivation of general 
equations for the linear responses of inner- andout- 
er-spool speed to change in turbine-inlet tempera- 
ture and exhaust-nozzle area. Evaluation of these 
equations from hypothetical two-spool-engine char- 
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SELECTION OF OPTIMUM CONFIGURATIONS 
FOR HES A AT EXCHANGER WITH ONE DOMINATING 
FILM RESISTANCE. E.R.G. Eckert and T.F. Ir. 
vine, Jr. US, N NACA TN 3713, June, 1956 48 pp, 
14 refs. Theoretical analysis to determine which 
configuration requires the least energy to drive the 
prima fluid for a prescribed weight, ime, or 
frontal a - Includes calculations for the e in 
which the heat exchanger is inclined at an angle to 
the upstrearn direction, for several configurations 
The resulting method isiectetibs the optimization of 
a of the rameters — power expended, weight 
volume, or frontal area ~ with respect to the re- 
maining three, when the heat exchanger is arranged 

“normal to the approaching primary fluid, and the op 


1956 


acteristics at design speed and corroboration of th 
resultant equations of response developed from lip. 
earization of functional relations with experimental 
data. The outer-spool speed response to turbine- 
inlet temperature is found experimentally to be ide, 
tical with the response of inner-spool speed in its 
approximation of a first-order lag specified by the 
inner-spool time constant. The analytically derive 
response of outer-spool speed to turbine-inlet tem. 
perature is a lead second-order lag which could re. 
sult in the experimentally determined response by 
cancellation of terms in the response equation. 
With changes in exhaust-nozzle area, the 
desig response of the outer-spool speed ap. 
proximates a first-order lag specified by the outer. 


respect to 


n-speed 


spool time constant. The inner-spool speed ree 
sponse approximates a second-order lag of negligi. 


timization of either power, weight, or volume with 


respect to any other of these three parameters when 
the heat exchanger in inclined. Results indicate that 
with this arrangement, the projected frontal area of 
the inclined heat heneneneer is equal to that of the 

heat exchanger requiring the minimum duct cross- 
sectional area hala arranged normal to the primary 
fluid flow. Results for heat-exchanger configura- 

tions for which heat-transfer data are availableare 
presented in the form of charts which illustrate the 


method of analysis and the conclussions that can be 
drawn 

BERECHNUNG DER OPTIMALEN LEISTUNGEN, 
KRAFTSTOFFVERBRAUCHE UND WIRKUNGSGRA- 


DE VON EINKREIS-TURBOLADER-STRAHLTRIEB- 


WERKEN AM BODEN UND IN DER HOHE BEI FLUG- 


GESCHWINDIGKEITEN V 
Endres. 


ON 0-2000 KM/H 
Nordrhein-Westfalen, Wirtsch. & Ver- 
kehrsmin., Forschungsbericht No. 214, 1956. 61 pp. 
DM 15.40. In German. Calculation of optimum 
performance, fuel consumption, and degree of ef- 
ficiency of a turbo-compressor jet engine on the 
ground and in the air at velocities ranging from 0 to 
2000 km/h. Results show the dependence of thrust 
on altitude, speed, temperature, and density at the 
inlet,and also indicate insufficient adaptability ofthe 
power plant to different flight conditions, speed, al- 
titude, and load. Includes a discussion of methods 
for obtaining higher pressure ratios with compres 
sors of low number of stages and of the high sensi- 
tivity of the axial compressor to the deviation from 
its optimal driving point. 
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INTERNATIONAL AERONAUTICAL ABSTRACTS 


SPANNUNGSOPTISCHE UNTERSUCHUNGEN 
VON TURBINENSCHAUFELFUSSEN. K. Leist, 
K. Schleiermacher, and J. Weber. DVL Bericht 
No. 6, Mar., 1956. 56 pp. Westdeutscher Verlag, 
KSln & Opladen, DM 14.60. In German. Results 
of optical stress measurements on the base of 
hammer-head and Laval type turbine blades sub- 
jected to static loading. A quantitative analysis is 
used to determine the boundary values and the 
main strain regions of the blade root. 


Ram-Jet & Pulse-Jet 


A MECHANISM FOR HIGH-FREQUENCY OSCII- 
LATION IN RAMJET COMBUSTORS AND AFTER- 
BURNERS. D.E. Rogers and F.E. Marble. Jet 
Propulsion, June, 1956, pp. 456-462. Investigation 
of high frequency instability with measured stable 
screech limits,and amplitude and frequency of the 
oscillation, using photographic techniques. Theo- 
retical analysis concludes that a mode of transverse 
oscillation is excited as the result of periodic trans- 
port of combustible material associated with the 
vortices into the hot wake of the flameholder. The 
vortices are generated at the flameholder lips by 
the fluctuating transverse velocity. When the ignition 
time delay lies in the proper range, the phase rela- 
tionship between oscillations in transverse velocity 
and combustion intensity is such that the oscillation 
is amplified. 


Rocket 


GENERALIZED THEORY OF THE OPTIMUM 
THRUST PROGRAMMING FOR THE LEVELFLIGHT 
OF A ROCKET-POWERED AIRCRAFT. Placido 
Cicala and Angelo Miele. Jet Propulsion, June, 
1956, pp. 443-455, 473. 17 refs. Analysis ofan op- 
timum-burning p:ogram for horizontal flight. 
Green's theorem is used to develop a method for de- 
termining extremal paths under different types of 
boundary conditions. The technique of maximum 
range is constituted by the combination of coasting 
maneuvers, patterns with maximum engine output, 
and flights with moderate burning. A linear rela- 
tionship between thrust and engine mass flow is as- 
sumed, and Hibb‘s results are generalized by lift- 
ing any restriction concerning the shape of the drag 
polar and by considering a finite maximum burning 
rate for the engine. Two regions of best range are 
dectected, one subsonic-transonic, the other super- 
sonic. The second theory, based on the Euler-La- 
grange equations, considers the general case of an 
arbitrary one-to-one correspondence between thrust 
and propellant mass flow. Also the concept of index 
value is presented, and shown to be an effective de— 
vice in controlling the composition of the optimum 
path for discontinuous Eulerian solutions. 


COMBUSTION CHAMBERS FOR ROCKET EN- 
GINES. A.D. Baxter. J. Brit. Interplanetary 
Soc., May-June, 1956, pp. 146-163. 14 refs. 
Discussion of the mechanical engineering difficul- 
ties posed by the basic requirements of highly ef- 
ficient conversion of the chemical energy locked 
up in the propellants into kinetic energy'’to supply 
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useful thrust with the least possible weight and 
the greatest possible reliability. Includes figures 
to illustrate the effects of the requirements on the 
range or altitude which can be achieved. 


ROTATING WING AIRCRAFT 


A TWO-DIMENSIONAL APPROXIMATION TO 
THE UNSTEADY AERODYNAMICS OF ROTARY 
WINGS. R.G. Loewy. Cornell Aero. Lab. Rep. 
CAL-75, Oct., 1955. 7l pp. 23 refs. Derivation 


of two-dimensional oscillatory airfoil coefficients 


for rotary wings, taking into account the shed vor- 
ticity beneath the plane of the rotor disc, and neg- 
lecting the forward speed effects. The effect of the 
inflow ratio, the number of blades in the rotor, the 
shaping between the motions of adjacent blades, and 
the ratio of oscillatory to rotational frequency have 
been included as parameters, along with the basic 
reduced frequency of fixed-wing unsteady aerody- 
namics. Results indicate that the effects due to vor- 
ticity shed by previous blades or in previous revo- 
lutions diminish as the product of the reduced fre- 
quency and inflow ratio increases. Curves of the 
aerodynamic damping coefficient for flapping and 
pitching motions are presented. These curves in- 
dicate that such effects reduce the flap damping 
Significantly at integer values of the ratio of oscil- 
latory frequency to rotational frequency, and make 
a single-degree-of-freedom pitch instability possi- 
ble at certain values of this parameter depending 
upon the location of the center of rotation. Appli- 
cation of these coefficients to classical flutter theo- 
ry and other rotor problems are also discussed. 


PERFORMANCE ANALYSIS OF FIXED- AND 
FREE-TURBINE HELICOPTER ENGINES. R. P. 
Krebs and W. S. Miller, Jr. US, NACA TN 3654, 
June, 1956. 49 pp. Theoretical investigation in- 
cluding: calculation of performance characteristics 
of the two engines, with results, in terms of the 
appropriate equivalent parameters, presented in 
the form of generalized performance charts; com- 
parisons of off-design ‘specific fuel consumption, 
altitude performance, power-speed characteristics, 
and response times; and calculations of flight ranges, 
hovering durations, rates of climb,and altitude per- 
formance of an assumed 30, 000-lb. helicopter 
powered by each of the engines, in order to gage the 
importance of the differences in off-design perform- 
ance of the two engines when they are used as heli- 
copter power plants. Analysis assumes engine com- 
ponents representative of contemporary high-per- 
formance design, with similar components used in 
the fixed- and free-turbine engines wherever possi- 
ble. When different components must be used, the 
analysis assumes that they are selected in order to 
have both engines with the same specific power out- 
puts and fuel consumptions at their design points. 
For fixed- and free-turbine engines with identical 
compressors, equality of design-point performance 
is established when the adiabatic efficiency of the 
fixed turbine is set equal to the overall adiabatic 
efficiency of the two turbines in the free-turbine en- 
gine. 
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SAFETY 


THE NEW NAVAL AVIATION SAFETY PRO - 
GRAM. A.L. Rasmussen. Aero. Eng. Rev., Aug., 
1956, pp. 28-31. Review of the work of Naval Avia- 
tion Safety Center includes collection of failure sta- 
tistics and operational data, and the publication of 
safety material. Accident reports are based on the 
failure or unsatisfactory report system which is 
processed by IBM machinery in conjunction with 
microfilms, and makes possible rapid reporting of 
accident data for immediate correction of unsafe 
conditions. 


SPACE TRAVEL 


TELEMETERING AND PROPAGATION PROB- 
LEMS OF PLACING THE EARTH SATELLITE IN 
ITS ORBIT. D.G. Mazur. Proc. IRE, June, 1956, 
pp. 752-754. Includes a discussion of signal prop- 
agation over extended ranges, the diversity of re- 
quirements for the test and mission phases, 
the need for reliable light-weight equipment. 


and 


TRACKING THE EARTH SATELLITE, AND 
DATA TRANSMISSION, BY RADIO. J.T. Mengel. 
Proc. IRE, June, 1956, pp. 755-760. Description 
of the NRL developed Minitrack system which is 
independent of time, weather, or seeing conditions 
for acquisition and tracking of the satellite by radio 
techniques, with a discussion of probable tracking 
accuracies. A sub-miniature radio transmitter 
will be provided within the satellite to illuminate 
antennas at ground tracking stations. By phase- 
comparison techniques, these ground stations will 
measure the angular position of the satellite as it 
passes through the antenna beam, recording its 
"signature" automatically without the need for ini- 
tial tracking information. Analysis of this signa- 
ture will provide the complete angular history of 
the satellite passage in the form of direction co- 
sines and time. 


A RESEARCH PROGRAM BASED ON THE 
OPTICAL TRACKING OF ARTIFICIAL EARTH 
SATELLITES. F.L. Whipple and J.A.Hynek. 

Proc. IRE, June, 1956, pp. 1956, pp. 760-764. 
Discussion of the problems involved in early acqui- 
sition tracking, frequent orbit calculations, ephem- 
eris predictions for the precise photographic track- 
ing, the establishment and operation of 12 to 15 
precision photographic stations over the earth, 
operation of a communication net, and both cur- 
rent and final analysis of the positional data for ob- 
taining more precise geophysical results. The re- 
sults include density determination in the high at- 
mosphere, geodetic system calibrations over the 
earth, the shape of the geoid, isostasy investiga- 
tions, and other geodetic studies. 


STRUCTURES 


Beams & Columns 


BUCKLING OF COLUMNS IN THE PRESENCE 
OF CREEP. S.A. Patel. Aero. Quart., May, 1956, 
pp. 125-134. Application of the Hoff theory of creep 
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buckling which takes into account the instantaneous 
elastic and plastic deformations and the transient 
and secondary creep phenomena. Derivation ofa 
general solution for integral values of the exponents 
appearing in the creep law. Use of this solution for 
the calculation of the time required for a column to 
collapse after load application. 


Plates 


BUCKLING OF SIMPLY SUPPORTED PLATES 
TAPERED IN PLANFORM. B. Klein. J. Appl. 
Mech., June, 1956, pp. 207-213. Derivation of 
design curves for determining the elastic buckling 
loads of simply supported flat plates of isosceles 
trapezoidal planform, loaded in compression 
along the parallel edges. Shear loads are assumed 
to act along the sloping edges, so that any ratio of 
axial loads may act along the parallel edges of the 
given plate. Solution uses the method of collocation 
in which the first step makes an assumption of a de- 
flected shape as the buckling configuration. The 
necessary derivatives of the chosen functions are 
then calculated, and evaluated numerically at as 
many points as needed to determine the unknown 
generalized coefficients appearing in the functions, 
The results are substituted into the governing dif- 
ferential equations for buckling. The eigenvalue 
matrix form defining the buckling load is obtained 
directly from the original set of equations as defined. 


BIEGUNG DUNNER PLATTEN UND VARIA- 
TIONSSAT ZE BEI EINEM NICHTLINEAREN ELAS- 
TIZITATSGESETZ. K. Ozden. Ing.-Arch., No. 3, 
1956, pp. 133-147. In German. Study of the prob- 
lem of bending of thin plates, with a development 
of three methods for the solution of basic equations 
of the theory of elasticity for small distortions. 
Results show that the first method, which leads to 
a series expansion of the solution, gives fairly ac- 
curate theoretical values; and that the applicability 
of these theories is not limited to the problem of 
plates, but to cases where the solution of the elas- 
ticity problem is known for Hooke's law. The Ritz 
and Galerkin theories are taken into account. 


SOLUTION OF THE PROBLEM OF THE CANTI- 
LEVER SQUARE PLATE BY THE USE OF INFLU- 
ENCE COEFFICIENTS AND A HIGH SPEED DIGIT- 
AL COMPUTER. D. Williams and P.C. Birchall. 
Gt. Brit., RAE TN Struc. 178 (M.S.25), Mar., 
1956. 6 pp. Solution for stresses and deflections 
of a square plate of constant thickness, fixed along 
one edge and subjected to transverse loads, using 
influence coefficients in conjunction with a digital 
computer. Method involves assigning deflections 
to each station to produce an arbitrary contour. 
This facilitates the determination of the vertical re- 
actions that must be applied to each station inorder 
to hold the plates to the chosen contour. The sys- 
tem of loads for a given contour can be obtainedand 
expressed in terms of a set of simultaneous equa- 
tions which give the reaction at a particular station 
in terms of its own displacements and those at. other 
stations. By inverting the corresponding matrix, the 
digital computer converts the equations to give the 
deflection for the reactions or applied loads. 
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Testing 


TECHNIQUES AND PROBLEMS IN TESTING 
STRUCTURES AT ELEVATED TEMPERATURES. 
L.H. Abraham. IAS Natl. Summer Meeting, Los 
Angeles, June 18-21, 1956, Preprint 640. 7 pp. 
Members, $0.35; nonmembers, $0.75. Discussion 
of testing methods and loading techniques for high 
temperature testing of materials. Methods for heat- 
ing specimens include: hot gases, electric blankets, 
radio frequency induction heating, electrical resist- 
ance heating, solar radiation, hot body radiation, 
wind tunnel testing, and free flight. Except for free 
flight even the best of these methods can only pro- 
duce a heat flux similar to a vehicle traveling at 
M=8 or M& 9 at low altitudes. Load simulation by 
ordinary hydraulic methods is adequate for the sim- 
ulation of the time-loading cycle which is encoun- 
tered by a missile in flight. 


Thermal Stress 


THEORY AND EXPERIMENT IN THE SOLUTION 
OF STRUCTURAL PROBLEMS OF SUPERSONIC 
AIRCRAFT. I---AERODYNAMIC HEATING AND ITS 
EFFECTS. N.J. Hoff, M. Bloom, F.V. Pohle, H. O- 
liver, I. Mirsky, W. I. Berks, and A. Chwick. 
ll---THE EFFECT OF RAPID CREEP. N.H. Hoff. 
IlIl---THEORY AND PRACTICE OF INDUCTION 
HEATING. W.R. MacLean and S. Lederman. USAF 
WADC TR 55-291, Mar.,1956. 346 pp. I---Analysis 
ofaerodynamic heating showing the effect of the bound- 
ary layer of the supersonic airflow on aircraft sur- 
face, the heat transfer from the surface to the inte- 
rior of a structure, and the rise of thermal stresses 
in various elements of the structure due to nonuni- 
form temperatures. Includes a review of recent 
work in forced-convection heat transfer, and test 
results on two different model wings giving transient 
phenomena and steady-state effects. Also includes 
bibliography on thermal elasticity. Il---Theoretical 
investigation of the effect of creep deformation on 
stress distribution and stability. Results indicate 
that in both compression and tension, bars subject 
to creep have only a finite lifetime, and therefore 
must be designed for a finite time of application. 
Il---Discussion of induction heaters for thermody- 
namic tests. Methods suitable for the use of closed 
coils surrounding the test specimen are discussed, 
and the heating units used at PIBAL are described 
indetail. The theory of the so-called thermostable 
work circuit is developed. This system maintains 
the efficiency of the heating process approximately 
constant despite the changes in the temperature of 
the specimen. Experiments are described in which 
the theory of the thermostable work is verified. 


PHOTG-THERMOELASTICITY: AN EXPLORA- 
TORY STUDY. G. Gerard and A. C. Gilbert. 
NYU Coll. Eng. TR SM 56-ll (AFOSR TN 56-237), 
May, 1956. 38 pp. Investigation ot optical and 
Physical properties of a photoelastic model mate- 
tial Paraplex P-43 over the temperature range 
from room temperature to -40°F. Presented are 
techniques and equipment for obtaining the modulus 
ofelasticity, the material fringe value, and the 
thermal exparsion coefficient as a function of tem- 
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perature. Further investigations are conducted 
into the plane stress problems of a disc contracting 
upon an elastic inclusion, and the transient thermal 
stress produced by a temperature differential sud- 
denly applied to the upper edge of the beam. The 
data are correlated with theory using the material 
properties obtained in the calibration phase. Also 
includes photographic results of an exploratory in- 
vestigation of the thermal shock phenomenon prod- 
uced by the sudden application of a temperature dif- 
ferential upon plastic beams of various length-depth 
ratios. 


PANELS UNDER THERMAL STRESS; THE BE- 
HAVIOUR OF A PANEL RESTRAINED AGAINST 
EXPANSION IN ONE DIRECTION AND LOADED IN 
THE OTHER DIRECTION WHEN SUBJECTED TO 
KINETIC HEATING. E.W. Parkes. Aircraft Eng., 
June, 1956, pp. 180-186. Theoretical analysis tak- 
ing into consideration the particular problems of a 
panel constrained in one direction and heated, a 
panel loaded in two directions, and a panel con— 
strained in one direction, loaded in the other, and 
heated. Includes numerical examples to illustrate: 
the determination of permissible temperature rise 
and its effect on the central deflection of a panel 
constrained in one direction; the calculation of safe 
load on a given panel for a given temperature rise 
and of a suitable panel thickness for a given tem- 
perature rise and load; and the plotting of a load 
temperature envelope for a given panel. Results 
for the panel constrained in one direction, loaded 
in the other, and heated, indicate that, although 
the load-bearing capacity of the panel prior to 
buckling is often small owing to low resistance 
of the panel to even temperature changes, advan- 
tage can be taken of the post-bucking properties 
to permit the support of considerably larger loads, 
and that the small ripple necessary to sustain 
the greater loads may be aerodynamically accep- 
table. 


AN ENGINEERING APPROACH TO SOME STRUC- 
TURAL PROBLEMS ARISING FROM KINETIC HEAT- 
ING. E.H. Bateman. J. RAeS, June, 1956, pp. 
402-407. 10 refs. Consideration of problems in 
supersonic aircraft design covering the nature and 
intensity of heat loading, thermal properties of 
structural materials, comparison of heat transfer 
by different modes, thermal insulation, transient 
effects of heat transfer, and steady flow through a 
thin skin. 


Wings 


MEASURED STRAINS IN A SWEPT TAPERED 
TUBE. I. J.E. Wheeler. Australia, ARL Rep. 
SM. 237, Jan., 1956. 36 pp. Experimental andthe 
oretical investigation to determine the stresses on 
a swept, tapered tube, representing a two-spar 
swept-wing torsion box with ribs parallel to the 
line-of-flight. The stress distribution for an out- 
board section is obtained from strain measure - 
ments, and the results are compared with stresses 
computed by the Wittrick theory and with the sim- 
ple theories of bending and torsion. Results indi- 
cate that the two sets of computed stresses are in 
reasonable agreement with the tests. 
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THERMODYNAMICS 


Combustion 


ETUDE EXPERIMENTALE DE LA COMBUS- 
TION DE GOUTTES DE MONERGOL. M. Barrére 
and H. Moutet. La Recherche Aéronautique, Mar. 
-Apr., 1956, pp. 31-38. In French. The s 
of the droplet diameter varies linearly 
during the combustion process, whereb 
stant of the monergol combustion and th 
of the test conditions can be determine 
dently of the droplet diameter. The con 
ies with the nature and the temperature 
surrounding media. In the neutral atm 
the combustion is not possible 
ture becomes lower 
dizing atmosphere, 
the combustion 


wher 
than a critical 
particularly air, 


constant, even during 


CARBON FORMATION FROM AC 


ETY LEN! 
THE SHOCK TUBE. E. N. Bennett. 


1956. Theoretical and 


mental 


85 pp. 12 refs. 
investigation to determine 
state of 
reflected 
strengths and for various excitation mods 
internal degrees of fr 


the acetylene behind incident 


shocks for a wide range of 


of freedom, and to esta 
perimentally the shock strengths requirec 
ate decomposition of acetylene at variou 
Analysis includes estimates of the minimu: 
spent by the gas in a uniform state 
temperatures behind reflected shocks. 
clude temperature estimates, shock velo 
urements, and spectroscopic studies 
the light emitted in a narrow wave lengt! 
chemical decomposition behind reflecte 
Analysis assumes a simple mechanisn 
mation of solid carbon and hydrogen - f 
mal decomposition. Results of temperat 
mates and shock velocity measurements 
that the effective specific heat ratio 


equilibrium value, while those of the sp 
studies show that the intensity distribut 


DULIC 


the black-body emission law, suggesting 
method to n 
the temperature as a function of time beh 
forming shocks. 


investigations use a two-color 


Heat Transfer 


A RAPID ANALYTICAL METHOD FOR 
LATING THE EARLY TRANSIENT TEMPERA 
IN A COMPOSITE SLAB. W.F. Campbell. 
NRC Div. Mech. Eng. Rep. MT-32, Apr. 

74 pp. 19 refs. Description of a method 

the analogy between the one-dimensional! fl 
through a slab and the flow of an electric 

along a transmission line, which is capable 
handling many different boundary conditions 
method is applicable to slabs made up of di 
layers, each with uniform and fixed thermal] 
erties, and having the same temperature in all 
parts of the slab. Different boundary condition 
including the well-stirred fluid case, a film ofpu 
thermal resistance, and the presence of a plane o 
volume heat source can be treated. Results in 


dicat 
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that the steady state solution of problems involving 
a harmonic law heat source may also be handled if 
all the layers are in good thermal contact. 


ETUDE EXPERIMENTALE DE LA CONVECTIQy 
FORCEE DE LA CHALEUR A PARTIR DE CYLIN. 
DRES A SURFACE RUGUEUSE. E. A. Brun, 
vanni Brunello, and Magdeleine Vernotte. 
Min de l"Air NT 60, 1956. 33 pp. SDIT, 2 Ay, 


Gio- 
France, 


Porte-d'Issy, Paris 15, 550 Fr. In Ex. 
study of the forced heat convection on 
the external surface of circular cylinders. Results 
show that the convection coefficient depends on the 


French, 
perimental 


relative roughness which is defined as the ratio of 
the height of the asperity to the diameter of 
tube. 


the 
VERTICAL TAKE-OFF AIRCRAFT 
LIFT ON A WING IN A PROPELLER 


STREAM AS RELATED TO LOW SPEED I 
LAS Natl. 1er Meeting, Los Angele S, 


members 


1Q5¢ Pr 2 
1956, Preprir 


ll pp. Members, $0.3 
Outline of a theory f 
acteristics « 2 extending 
slipstream, which is based on 
; a method 
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ric form, applicable 


nd for the optimiza 


respects to that 
KNOWN 
This 


tions and simplifies the analysis. 


flow due to the jet 


1 form obviates furtl 


VTOL-STOL AIRCRAFT. IU. I A COMPARI- 
SON BETWEEN PAY-LOAD CAPABILITIES OF 
VTOL AND CONVENTIONAL AIRCRAFT. W.Z, 
Stepniewski. PROPELLER-LIFTED TILT- 
WING VTOL AIRCRAFT. Joseph Stuart 3rd. I 
- AN APPLICATION OF THE DUCTED PROPEL- 
LER TO A VTOL TRANSPORT AIRPLANE. J.A. 
O'Malley, Jr. Aero. Eng. Rev., 1956, pp. 
44-55. 15 I - Analysis shows the difference 
between the payload of a low or medium-speed 
VTOL transport and that of a conventional fixed- 
wing aircraft,which may amount to 15 or 25% of the 
gross weight. II - Discussion emphasizing advan- 
tages of propeller-lifted tilt-wing aircraft. These 
include hovering, take-off, and landing characteris 
tics ofahelicopter combined with the high perform- 
ance, low vibration andnoise level, superior forward 
flight, stability, and control characteristics ofa 
turbine powered aircraft. III - Discussion of a duct 
ed-fan VTOL aircraft which provides a lower noisé 
level and a static thrust 25% higher than an unshroué 
ed propeller. 


TY 
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15 refs. 
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When the B-52 types winge... 


This Johns-Manville Goetze gasket 
must withstand a tremendous bending 
moment caused by the flexure of the 
Boeing B-52’s wings. Combining a core 
of fine steel mesh with an aluminum 
sheath provides strength to resist this 
force and resiliency to keep a tight seal. 
Boeing selected this Goetze gasket only 
after exhaustive performance tests. 


Johns-Manville Goetze Gaskets 


maintain a tight seal in pneumatic duct system 


Tus critical sealing problem was solved for 
Boeing with a special gasket, designed and en- 
gineered by J-M Goetze Gasket technicians. 

Problems like this are typical of today’s mod- 
ern aircraft. Temperatures are higher! Pressures 
are greater! Flanges are lighter! Every day, Goetze 
technicians are proving Goetze metal gaskets’ 
ability to meet these exciting demands. Every day 
more designers are turning to Johns-Manville for 
help in their sealing problems. 


For more than 60 years, Goetze has pioneered 


the development of metal gaskets. Today, thou- 
sands of precision-made styles and sizes are avail- 
able. Goetze Gasket experts will be glad to help 
you select the one that best meets your needs. Or 
they will custom-design something new, tailor- 
made to your specific requirements. 


Write today for further information on Johns- 
Manville Goetze Gaskets and other J-M products 
for aviation. Ask for Brochure AV-1A. Address 
Johns-Manville, Box 60, New York 16, N. Y. 
In Canada, Port Credit, Ontario. 


THERE’S A J-M GASKET FOR EVERY SEALING PROBLEM 


Spirotallic Corrugated Screen French 
Metal Type 


JOHNS -MANVILLE 


Single Mesh Non- 
Bead Filled Metallic 


Johns-Manville 


PRODUCTS 
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NEW! 
ELECTRIC CABLE 


ELASTICABLE® 


STRETCHES OVER 
TWICE ITS LENGTH! 
CARRIES 2 AMPS! 


“Elasticable”! 
Where can you 
use it? To cut down 
long wires? 
Fight vibration? 
Increase portability? 
Improve mobility? Save space? 
Eliminate coils? 


21 strand braided conductor. Avail- 
able 1 to 6 leads, terminated with 
alligator clips, jacks, spades. 1000 
V. insulation between conductors. 
Choice of covering. 


NEW! 
Read ““FLUSH-LETTER”’ 
panels from wider 
angle. No crevices to 

collect dirt. 


For instruments and controls. 
Unique shaved-flush letters on lami- 
nated plastic increase reading angle. 
Stand out clearly white by day, 
sharply red when edge-lighted at 
night. Flush-letter panels keep clean, 
are impervious to abrasion, water, 
temperature and vibration. Panels, 
knobs, dials, switch assemblies, 
available to your specifications. 


MUTUAL ELECTRONIC INDUSTRIES 


AERONAUTICAL 


m 


NEERING REVIEW 


tion Under Internal Pressure. Appendix 
D—Constraining Effect of Cabin-Frames 


on Shell Expansion. Appendix E—Rear 
Dome of Pressure-Cabin. D. Williams. 
Gt. Brit., 1RC CP 226 (Mar., 1955), 
1956 BIS, New York. $0.90 


Landing Loads 


The Analysis of Dynamic Stresses in 
Aircraft Structures During Landing as 
Nonstationary Random Processes. Y. 
C. Fung 1 ppl. Mech., Dec., 1955, pp 
449-457. 20refs. 

Eccentric Landing with Heavy Masses 
at the Wing Tips. Alexander Grzedzielski 
J. Aero. Sci., July, 1956, pp. 653--659, 
678. 10 refs. Theoretical analysis as 
nventional aircraft whose land- 

ike contact with the ground 

other, the second contact 


suming 
ing gears 1 
one after 
taking pl 
process oF the 


before the shock absorbing 
first gear is completed. 
Some Basic Considerations on Loads 


on Aircraft During Landing. J. Kloos. 
Tech. et S Aéronautiques, No. 4, 1955, 
pp. 261-264. 18 refs. Includes analysis 


of such factors as the landing-load effect 
on the undercarriage and its attachments, 
wing center section, rear fuselage, and, in 
the case of nose-wheel aircraft, the forward 
parts of the front fuselage 


Operation & Performance 


Analyse eines neuartigen Vorschlages 
zur Erleichterung der Landung von 
hochbelasteten Flugzeugen auf dem Deck 
von Flugzeugtrigern. Sergio del Pro- 


posto. ZFW, May-June, 1956, pp. 204- 
212. In German. Method for facili- 
tating the landing of highly loaded air- 
craft on an aircraft carrier deck through 


the use of blowers generating a free jet 
which catches the airplane. 


Stopping Heavy Jets. J. E. Steiner. 


Western Feb., 1956, pp. 6-10, 29. 
Design considerations in terms of: the 
reduction in speed from which the stop is 
initiated; the shift of weight from wings to 
wheels; and the rapid, efficient, and re- 
liable absorption of energy. 

Windshields 


Cabines Vitrées; Principes de Con- 
struction et Matériaux Nouveaux. M. 
Langlois. TJech. et Sct. 
No. 4, 1955, pp 
Analysis of 
fittings for 
cabins coy 


Aéronautiques, 
216-222. In French. 

requirements of Perspex 
pressurized and climatized 
ing mechanical resistance to 
temperature changes, resistance to crazing, 


and resistance to impact and gunfire; 
suitable method of fixing to the air frame; 


qualities. Includes a de- 
of improved joints, using lami- 
rts and bolts. 


and opti 
scription 
nated sup] 


Electronics 


IRE Standards on Audio Systems and 
Components: Methods of Measurement 
of Gain, Amplification, Loss, Attenuation, 
and Amplitude - Frequency - Response, 


1956. E. Weber, R. F. Shea, and others. 
Proc. IRE, May, 1956, pp. 668-686. 24 
refs. 


On the Theory of the Acousto-Electric 
Effect. A. van den Beukel. Appl. Sct. 
Res., Sect. B, No. 6, 1956, pp. 459-468. 
Calculations of the electric field along the 
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QW measure 


SURFACE 


temperatures 
NOT AMBIENT AIR 
with high-output, 
low-cost, 


RdF STIKON” 


Resistance 
Thermometer 


Elements... 


ACTUAL SIZE 


Critical surface temperatures 
occurring in current high- 
performance aircraft are eas- 
ily measured by RdF Stikons. 
The thinness of the RdF Sti- 
kon (.005 to .010 in.) allows 
its temperature-sensitive grid 
to become virtually an integral 
part of the measured surface 
thereby eliminating, for prac- 
tical purposes, the influence of 
ambient air temperature. 

With an RdF Stikon you can 
easily obtain an output voltage 
several hundred times higher 
than the output of the most 
sensitive thermocouples. 


Write today for Temperature 
Measurement and Control 
Brochure T-54 


RUGE ASSOCIATE 
733 CONCORD AVENUE 
CAMBRIDGE 38, MASS 
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SSOCIAIES 


RD AVENUE 
38, MASS 


Cannon “weatherproof” connectors 
include a range of types from moisture- 
proof to watertight. Each has been 
designed to meet one or several of these 
and intermediate requirements. A vari- 
ety of sealing methods are used. 

Potting types meet BuAer require- 
ments, 

Most rugged ty pe is the “W™ Series... 
with brass shells in 3 sizes. heavy acme 
threads, sealing rings, 50 insert arrange- 


ments, Requires sealing at entry by user. 


non Electric Co., 3208 H 
d; Toronto, Co Melb 


feature force-titting resilient 
inserts. sealing grommets and followers. 
integral cable clamp. telescopiag bush- 
ings. include sealing crommets 
over the terminals. rugged parts: 
feature wing-blade engagement device. 
watertight and pressure sealing.“BRS”s 
have sealing rings. “XKWs have rubber 
bushings, packing rings, sealing washers. 

All ty pes meet MIL-C-5015B Cold Ve-t- 

Write for catalog information. indieat- 


ins application problem 


geles 31, Calif. Fac 


Paris, France 


Potting type. For weather- 
proofing with sealant 
material. 


Series. Submersible to 
550 ft. in water. 


weatherproof 
cannon plugs 


“AN-E” Series. Sealed from 
cable to cable. 


“BRS” Series. 
Sealed for : 
shipboard audio. 


> “XKW” Series. 
Weatherproofed. 


(Zr 


\ CANNON } 
ELECTRIC / 


he, 
>| 
4 
ig 
4 
IZE For use on 
‘te 
; 
tories in Los Angeles; East Haven Please a £ 


132 AERONAUTICAL ENG 


direction of propagation to which a travel 
ing longitudinal acoustic wave passing 
through an insulated solid conductor gives 
rise for a metal and a semiconductor at 


temperatures greater than the Debije 
temperature. 
Exterior Electromagnetic Boundary 


Value Problems for Spheres and Cones. 
L. L. Bailin and Samuel Silver. JRE 
Trans., AP Ser., Jan., 1956, pp. 5-16 
13 refs. USAF-sponsored theoretical an- 
alysis, using a technique similar to that for 
the theory of slots in waveguide walls, to 
determine a harmonic time-varying elec- 
tromagnetic field where the electric vec- 
tor assumes prescribed values for its 
tangential components over given spherical 
or conical boundaries and which has 
proper radiation characteristics at infinity. 
Includes the formal solutions for arbitrarily 
shaped apertures on cones applied to 
several types of delta slots in order to 
illustrate the applicability and limitations 
of the method. Details of the technique 
are discussed in connection with the in- 
finite cone. 

A Low-Noise Traveling-Wave Amplifier 
with Octave Bandwidth Coverage. Ab- 
dulgafoor M. Serang. Sylvania Tech., 
Apr., 1956, pp. 43-45. 16 refs. 

A Tuned Differential Amplifier for Low 
Frequency Bridges. W. Kk. Clothier and 
F. C. Hawes. Australian J. Appl. Sci., 
Mar., 1956, pp. 88-44. Description of a 
low-frequency differential amplifier suit- 
able for use as a balance detector where 
both detector points are at high impedance 
to ground. 

Cross Section of Colinear Arrays at 
Normal Incidence. Jan M. Minkowski 
and Edward S. Cassedy. J. Appl. Phys., 
Apr., 1956, pp. 313-317. Derivation of 
a formula using the variational method in 
its scale-dependent form, with computa- 
tions for the case of the two-dipole array. 

A Method of Analyzing Coupled An- 
tennas of Unequal Sizes. C. A. Levis 
and C. T. Tai. JRE Trans., AP Ser., 
Apr., 1956, pp. 128-1382. 

Analysis of a Terminated-Waveguide 
Slot Antenna by an Equivalent Circuit 
Method. L. B. Felsen. JRE Trans., 
AP Ser., Jan., 1956, pp. 16-26. USAF- 
sponsored consideration of symmetric 
rectangular E and H plane slots radiating 
from the broad or narrow face of a rec- 
tangular waveguide. Description of an 
approximation procedure for large slots, 
and summary in stepwise form of the 
complete method for computing the pat- 
terns of E and H plane slots. 


End-Fire Arrays of Magnetic Line 
Sources Mounted on a Conducting Half- 
Plane. R. A. Hurd. Can. J. Phys., 
Apr., 1956, pp. 370-377. 

An Experimental Investigation of 
Cavity-Mounted Helical Antennas. A. 
Bystrom, Jr., and D. C. Berntsen. JRE 
Trans., AP Ser., Jan., 1956, pp. 53-58. 
Results of tests to determine the effects on 
patterns and impedances of various an- 
tenna parameters, such as number of 
turns, cavity size and shape, helix pitch 
angle, and conductor size. Discussion of 
methods of feeding the helix which pro- 
duce an input impedance near 50 ohms 
without external compensation throughout 
the axial mode frequency range, and a 
description of some of the types of cavity- 


mounted helices developed, with typical 
performance data. 

An Experimental Study of the Disk- 
Loaded Folded Monopole. E. W. Seeley. 


IRE 7 AP Ser., Jan., 1956, pp. 27, 
28. Data presented to show the reduction 
in size and the increase in radiation resist- 
ance and bandwidth of the folded mono 
pole, as compared with a _ disc-loaded 


monopole of the same electrical length 

Parabolic Cylinder Aerials. K. Foster 
Wireless I Mar., 1956, pp. 59-65 
Analysis of the broad radiation pattern of 
parabolic-cylinder antennas to determine 
the length of the cylinder, the beam width, 
and the general shape of the cylinder, as- 
suming that the aperture phase distribu- 
tion follows a square-law in the vertical 
direction and is constant in the horizontal 
condition 

Optical Fresnel-Zone Gain of a Rec- 
tangular Aperture. Charles Polk. JRE 
Trans., AP Ser., Jan., 1956, pp. 65-69 
ARDC-supported. study with derivation 
of an equation to extend the scalar dif 
fraction theory for an illuminated circular 
aperture to an illuminated rectangular 
aperture having zero phase error 

A Mechanically Simple Foster Scanner. 
R. C. Honey and E. M. T. Jones. JRE 
Trans., AP Ser., Jan., 1956, pp. 40-46 
Description of the design, construction, 
f a scanner whose simplifica- 
tions result from the use of an easy-to- 
construct choke groove and a solid barrier 
to replace the conventional inter-leaving 
finger barriers 

Microwave Lens Matching by Simu- 
lated Quarter-Wave Transformers. T 
Morita and S. B. Cohn. JRE Trans., AP 
Ser., Jan., 1956, pp. 33-39. 14 refs 
Description of a method applied to cor- 
rugated surfaces, arrays of dielectric cylin- 
ders, and arrays of holes in the dielectric 
surface 

Antenna Pattern Distortion by Dielec- 
tric Sheets. J. H. Richmond. JRE 
Trans., AP Ser., Apr., 1956, pp. 189-142 
ARDC-sponsored study including a re- 
formulation of the problem of calculating 
the radiation pattern of a radome-covered 
antenna 


and testing « 


Side-Lobe Suppression by Pattern 
Multiplication. Raymond Justice. JRE 
Trans., AP Ser., Apr., 1956, pp. 119-124. 


Analysis pointing out that the properties 
of the radiation patterns of broadside 
and end-fire line radiators can be used to 
minimize the side-lobe level of the radia- 
tion patterns of uniformly excited rec- 
tangular arrays 

Radiation Characteristics of the Spheri- 
cal Luneberg Lens. Edward H. Braun. 
IRE Trans., AP Ser., Apr., 1956, pp. 132- 
138. Analysis of the far field radiation 
characteristics of a lens, assuming that 
the amplitudes of the electric and magnetic 
fields are known as functions of position 
over the surface of the lens. 

Radiation Patterns of Unsymmetrically 
Fed Prolate Spheroidal Antennas. H. A. 
Myers. JRE Trans., AP Ser., Jan., 1956, 
pp. 58-64. 13 refs. Solution of Maxwell 
equations in prolate spheroidal coordinates 
subject to the boundary condition, with 
the prolate spheroidal functions expressed 
in the form of power and Laurent series. 
Includes determination of patterns for 
antennas of three different lengths up to 
about one wave length long, for length/ 
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thickness ratios of about 5/1, 10/1, 22/; 
and 316/1, and for nine unsymmetricg} 
gap locations, as well as for the syy 
metrically fed cases. 

Cascaded Feedthrough Capacitors, } 
M. Schlicke. Proc. IRE, May, 1936 
pp. 686-691. Development of a mathe 
matical theory for an apparatus incorporat 
ing lossy ferrites in a stacked structur 
and using magnetic losses to increag 
capacity without introducing undesirabk 
parallel resonances. 

Special Issue: Symposium on Aero. 
nautical Communications, Utica, Noy, 
21, 22, 4055. TRE Trans., CS Se. 
May, 1956, 182 pp. Partial contents 
A 1KW Amplifier for the Military UHR 
Band, D. H. Peckham and W. E Phillips 
Reliability Measurement and Prediction, 
C. M. Ryerson. The Role of Telecom. 
munication on Air Transport, J. S. Ander. 
son. Air/Ground Communications in Air 
Traffic Control, F. J. Cervenka. Avia 
tion Communications Facilities for the 
Next Ten Years, R. G. Brown. Aj 
Traffic Control in the Jet Age, D. R 
Kirshner Air-Ground Communica- 
tions—The ANDB System Development 
Plan, B. E. Montgomery. Consideration 
of Mechanical and LC Type Filters, G. H 
DeWitz. A Novel Decoder for Digital 
Communication, R. G. Walker. An Air 
Force Single Sideband System, G. E 
Brunette and D. E. Le Brun. An Airborne 
Single Sideband Transceiver, E. W. Pap. 
penfus. A High Power Linear Amplifier 
for Single Sideband Applications, F. B 
Gunter. The Communications Picture 
in 1965, J. F. Taylor, Jr. The Reduction 
of Radio Interference in Aeronautical 
Communications Systems, A. K. Albin and 
H. M. Sachs. The Place of the Sub- 
marine Cable in Aeronautical Communica- 
tion, J. J. Gilbert. Information Rates in 
Remoted Radar Systems, E. A. Mechler 
A Servomechanism Approach to the 
Problem of Communication for Aircraft 
Control, S. J. O’ Neil. 

Materials in Advanced Electronics De- 
sign. A. E. Middleton. Elec. Mfg, 
May, 1956, pp. 100-105. Discussion of 
the major problems involved in selection, 
including the development of basic knowl 
edge of the relationship between electrical, 
optical, dielectric, and magnetic properties 
of semiconductors and dielectrics 

Fields and Stresses in Dielectric Media. 
G. Power. Brit. J. Appl. Phys., Apr., 
1956, pp. 1387-144. Two-dimensional der- 
ivation of expressions for the conical forces 
experienced at the boundary of an isotropic 
dielectric owing to the presence of an elec 
tric field. 

Reflection and Transmission at 4 
Slotted Dielectric Interface. R. E. Col 
lin. Can. J. Phys., Apr., 1956, pp. 398 
411. 

Improved Loran Reception and Range 
Extension. Theodore W. Bozarth 
Navigation, Mar., 1956, pp. 17-23. 12 
refs. Evaluation of Loran operations (it- 
cluding accuracy of signals at extended 
ranges), improved Loran reception, and 
techniques for signal improvement under 
operational conditions. 

Special Symposium Issue: TACAN 
Radio Bearing and Distance System for 
Aerial Navigation. Elec. Commun., Mat. 
1956. 104pp. Contents: Development 
of Tacan at Federal Telecommunication 
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When the test-drill whistle blew, a team of Air Force 


Those were the materials that have proved out one technicians assembled and checked out the missile, com- 


of the big engineering achievements of our time. It plete with mobile guidance system, and ready for firing, 
sion at a 
R. E. Col concerns a whole new concept of customer service 


in less than six hours. . 
6, pp. 398 


developed to provide optimum efficiency in the delivery Martin engineering service today covers every aspect 


and wn 8 and performance of weapon systems. of the customer’s requirements for effective operation 
Bozart 
17-23. 12 The TM-61 Martin Matador shown here at an over- 


and maintenance of the product. This includes packag- 
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Laboratories, Peter C. Sandretto.  Prin- 
ciples of Tacan, Roberto I. Colin and Sven 
H. Dodington. Tacan Ground Beacon 
AN/URN-3, Henry B. Scarborough. An- 
tenna for the AN/URN-3 Tacan Beacon, 
Anthony M. Casabona. Airborne Tacan 
Equipment AN/ARN-21, Sven H. Doding- 
ton. Experimental Determination of Ta- 
ean Bearing and Distance Accuracy, 
Ettienne DeFaymoreau. Coordinated- 
System Concept of Air Navigation, Peter 
C. Sandretto. Quartz-Crystal Control at 
1000 Megacycles, Sven H. Dodington. 
Error Reduction in Tacan Bearing-Indi- 
cation Facility, Martin Masonson. 

The Impedance Concept. I-—Its Re- 
lation to Stability and Feedback. C. G. 
Mayo and J. W. Head. Wireless Engr, 
Apr., 1956, pp. 96-102. 10 refs. Evalua- 
tion of impedances and the associated 
transfer function to determine properties 
of a network, expressed algebraically in 
terms of a variable which is closely associ- 
ated with time differentiation, 

Formulae Relating Some Equivalent 
Networks. J. Duffin and Elsa Keitzer. 
J. Math. & Phys., Apr., 1956, pp. 72-82. 
OOR-sponsored development of a method 
to indicate explicit formulas for the ele- 
ments of a network without transformers, 
which have the same driving-point im- 
pedance as an arbitrary two-loop passive 
network. 

Physical Sources of Noise. J. R. 
Pierce. Proc. TIRE, May, 1956, pp. 601- 
608. Analysis of noise sources covering 
Johnson noise, shot noise, noise in tubes 
and multipliers, and transistor noise. 

Methods of Solving Noise Problems. 
W. R. Bennett. Proc. TRE, May, 1956, 
pp. 609-638. 18 refs. Review of prob- 
ability theory with examples illustrating 
its application to noise and signal sub- 
jected to filtering, rectification, periodic 
sampling and to envelope, phase, and fre- 
quency detection. Discussion of statistics 
topics covers probability density, mo- 
ments, stationary and ergodic processes, 
characteristic functions, semi-invariants, 
the central limit theorem, the Gaussian 
process, correlation, and power spectra. 


The Design of Phase-Shift Oscillators 
and Filters. J. C. Shaw. Electronic 
Eng., May, 1956, pp. 216-218. Com- 
parison of a single-valve low-frequency 
filter with a tapered three-mesh c.r. net- 
work in a positive feedback path. 

A Comparison of the Noise, and Ran- 
dom Frequency and Amplitude Fluctua- 
tions in Different Types of Oscillator. 
R. L. Beurle. (JEE Paper 1968 R.) 
Proc. IEE, Part B, Mar., 1956, pp. 182 
189. 


A Wide-Range RC Phase-Shift Os- 


cillator. W. Fraser. Electronic Eng., 
May, 1956, pp. 200-202. Description 


covering basic circuit, frequency range, 
wave form, alternative circuit, output 
stage, and polyphase operation. 
Multivibrator Circuits Using Junction 
Transistors. A. E. Jackets. Electronic 
Eng., May, 1956, pp. 184-189. Analysis 
of design and performance of low-fre- 
quency free-running multivibrator circuits 
including such principles of operation as 
sharpness of the output wave form, fre- 
quency limitations, methods of changing 
frequency, and conditions for bottoming. 


Performance of Selenium Rectifiers at 
High Temperatures. N. F. Bechtold and 
E. W. Morris. Elec. Mfg., May, 1956, 
pp. 128-133, 284, 286 

Radar and MTI. M. H. Aronson, S. I. 
Sixfin, and G. O. Thogersen. Jnstru- 
mation, Mar., 1956, pp. 478 
ition of the radar system 
) differentiate between moving 
and fixed targets by precisely measuring 
the time required for a round trip of suc- 


ments & Aut 
482. Evalu 
equipped t 


cessive transmitted r.f. pulses and by com- 
paring two successive pulses from the 
same target 

Rassegna di Problemi di Tecnica Radar. 
Ugo Tiberi U. Pisa, Eng. Fac. Rep. 
25 refs. In Italian 
f radar principles and applica- 
tions, including antiaircraft artillery, anti- 
radar protection, and target tracking. 

Sul Calcolo Della Coppia Motrice 
Richies‘a da una Antenna Radar. Mario 
Carlevaro. L'Aerotecnica (Rome), Feb., 
1956, pp. 24-26. In Italian. Analysis 
of the calculation of the torque necessary 
to revolve a curved surface such as a radar 
antenna in a uniform wind, made possible 
by the discontinuity of the wind-resisting 
elements 

Physics at the Radar Research Es- 
tablishment, Malvern. R. A. Smith 
Proc. Royal Soc. (London), Ser. A, Apr. 
10, 1956, pp. 1-10. Review of historical 
development and research programs cover- 
ing germanium, silicon, and intermetallic 
semiconductors, infrared photoconductors, 
low temperature, theoretical physics, 
millimeter waves, electronic Circuit tech- 
niques, and radio astronomy. 

Radar Back-Scattering Cross Sections 
for Nonspherical Targets. P. N. Mathur 
and E. A. Mueller. JRE Trans., AP 
Ser., Jan., 1956, pp. 51-538. A brief out- 
line of formulas used and results obtained 
through a study of the effect of size and 
shape of the target on radar echo in order 
to determine the range of applicability of 
the Rayleigh-Gans and Stevenson ap- 
proximations by evaluating these solutions 
against an exact solution. 

A Method of Increasing the Ambient 
Illumination of Radar Operations Rooms 
Without Reduction of Signal Detection 
Threshold. C.R. Barnard. (JEE Paper 
2023 R ] IEE, Part B, Mar., 1956, 
pp. 199-202 


7935, 1955 6 pp 


Discussion « 


Equipment 


Brian Larmour 


Field Data Analysis. 


and J. E. Neelin. CAI Annual Gen 
Meeting, Montreal, May 3, 4, 1956, Paper 
27 pp. Analysis of methods applicable to 


the optimum procurement of ground and 
air-borne equipment, its improvement 
through redesign, and the determination 
of procedures for maintenance and over- 
hauling. Includes consideration of equip- 
ment life curves, factors in equipment fail- 
ures, identification of failure factors in 
equipment life curves, the exponential 
characteristic, complex equipment life 
curves, marginal failure probability curves, 
field data reliability, and machine proc- 
essing techniques 

The Design and Procurement of RCAF 
Ground Handling Equipment. B. D, 
Darling. CAI Annual Gen. Meeting, 
Montreal, May 3, 4, 1956, Paper. 6 pp. 


1956 


Developmental discussion of the search 
for economy and simplicity and the re 
sulting trend toward self-propelled, pack. 
aged, multipurpose power units utilizing 
aircraft-type components 

Pneumatic Systems for the Trang. 
mission of Heat and Power in Aircraft, 
Engr. Dig., Apr., 1956, pp. 129-131, 
Evaluation of pneumatic ducting fed from 
compressor-bled air as a means of power 
transmission for aircraft accessories, offer. 
ing advantages in simplicity, reliability, 
ease of maintenance, safety, and weight 
saving. 

Fluides de Transmission en Aéronau- 
tique. F. Meiller and F. Reynaud 
France, ONERA NT 28, 1955. 42 pp, 
34 refs. In French. Analysis of the 
problem of hydraulic transmission in 
landing gear, aileron flaps, brakes, and 
other aircraft components, with an evalu. 
ation of the effect of aircraft speed, 
altitude, and performance. Study of the 
fundamental characteristics of standard 
transmission fluids, with details on phys- 
icochemical properties of two specific 
types 

Musts in Hydraulic Designs. P. A, 
Hartline. Western Av., Jan., 1956, pp. 6- 
9. Summary of the causes of flight delays 
and cancellations experienced on transport 
aircraft as related to failures in hydraulic 
equipment. 


Flight Operating Problems 


All-Weather Flight Concern of the Pilot 
and Weather Forecaster. James K. 
Thompson. (JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 
583.) Aero. Eng. Rev., July, 
63-66. Discussion of problems of. air- 
craft sensitivity to different weather condi- 
tions and of engineering methods neces- 
sary to define this sensitivity in a man- 
ner compatible with the pilot’s experience 


1956, pp. 


Flight Testing 


Magquettes pour Essais en Vol Libre; 
Appareillage d’Expérimentation. Paul 
Lygrisse. Tech. et Sci. Aéronautiques, 
No. 4, 1955, pp. 205-211 In French 
Brief description of 16 ONERA projects 
covering models, flight instruments, and 
ground installation of phototheodolites 

Sur les Dispositifs d’Essais de Ma- 
queite d’Avion en Vol Libre a 1’I.M.F.L. 
Jean Gobeltz. Inst. Mec. Fluides, Lille, 
France, Reprint, 1955. 10 pp. In French 
Development of testing techniques ap- 
plied to free-flight models used for the 
study of spin and spin recovery factors, 
and for the determination of the aircraft 
response to gust loads and of the trajec- 
tory of objects launched in flight 


Fuels & Lubricants 


An Investigation of Heavy Duty Lubri- 
cating Oils by Electron Microscopy. 
F. T. Barwell, L. Grunberg, and D. Scott 
IME Auto. Div. Proc., No. 5, 1954-59, 
pp. 153-157; Communications, pp. 158- 
162; Authors’ reply, pp. 162-164 

Protective Oil Coatings. K. F. Schier- 
meier and R. W. Lewis. Lubrication Eng. 
Jan.—Feb., 1956, pp. 19-23. Evaluation 
of four types of corrosion preventive con 
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Your 
electronic 
Problems 


receive IMMEDIATE and SPECIAL ATTENTION 
in DEVELOPMENT and PRODUCTION of 
GUIDED MISSILE Components: 


FUEL CUT-OFF RECEIVERS, TELEMETERING 
TRANSMITTERS, POWER SUPPLIES FOR BEACONS. 


RADAR TEST SETS 
SPECTRUM ANALYZERS 
SIGNAL GENERATORS 
FREQUENCY COUNTERS 


And other devices now in production for Army, Navy and Air 
Forces on prime and sub contracts. 


MANCHESTER 


NEW HAMPSHIRE 


NORTHEASTERN ENGINEERING INC. 


MODEL 20 VISUAL MONITOR 


TRANSDUCER 
OUTPUTS 


For TEMPERATURE PRESSURE VIBRATION FLOW 
RADIATION COLORIMETRY CURRENT VOLTAGE 


Does your data problem include any of the above? Or anything similar? 
The Model 20 Visual Monitor is a completely new concept in multiple data-point indication. 


Now you can observe and measure 24 separate data points, simultaneously. No Switching, 
no commutating, no time lag. 


Wherever a graphic display of several quantities will facilitate measurement and control, 
the Model 20 should be considered. 


Utilizing light-beam D’‘Arsonval galvanometers as the indicating elements, the Visual 
Monitor permits display of transducer output in an easy-to-interpret, graphic form. 


Let us hear from you. We would like to discuss your instrumentation problems with you. 


Century Electronics & Instruments, Inc. 
1333 No. Utica, Tulsa, Oklahoma 


pounds including rust preventive oj 
water displacement oils, semirigid sof 
coatings, and hard tough coatings, wit} 
an analysis of factors influencing the sele 
tion of one for a specific application, 9 
the necessary properties of all, and of the 
relationship between chemical structuy 
and effectiveness of rust preventive add 
tives. 

Pumpability of Aircraft Turbine Lubn. 
cants at Low Temperatures. E. S. Stark. 
man and J. H. Bridges Lubrication 
Eng., Jan.—Feb., 1956, pp. 43-47. 18 refs 
Results of an investigation of the behavio; 
of a series of typical gas-turbine lubricants 
in a simple system at temperatures down 
to —70°F. The laminar flow relation 
ships are found to be satisfactory for 
predicting flow characteristics 

The Rheodynamic Squeeze-Film. | 
Osterle, A. Charnes, and E. Saibel. Luby; 
cation Eng., Jan.—Feb., 1956, pp. 33-3 
Theoretical analysis of the load capacit) 
of grease, considered as a Bingham plastic, 
when the side flow is neglected Applica 
tion to the evaluation of unsteady motion 
effects in the lubrication of gears and 
journal bearings. 

A Study of Fretting Wear in Mineral 
Oil. D. Godfrey. Lubrication Eng 
Jan.—Feb., 1956, pp. 37-42 12 refs 
Results of experiments to determine the 
fundamental factors of fretting in the 
presence of mineral oil, using a hard steel 
ball vibrating in contact with a soft steel 
flat 

Studies in Lubrication—xXI; Slider 
Bearing with Transverse Curvature; Exact 
Solution. A. S. C. Ving, A. Charnes 
and E. Saibel. Trans. ASME, Apr 
1956, pp. 465-467. Development of an 
exact solution for the Reynolds equation 
in the hydrodynamic theory of slider 
bearing lubrication with side leakage for 
film thickness varying exponentially both 
in the direction of motion and sym 
metrically perpendicular to this direction 

A Study of the Sliding of Metals, with 
Particular Reference to Atmosphere. 
L. F. Coffin, Jr. Lubrication Eng., Jan 
Feb., 1956, pp. 50-59. 14 refs. Results of 
an experimental investigation indicating 
that the strength of adhesion of mating 
asperities and the resulting frictional force 
and surface damage are strongly depend- 
ent on the alloying tendency of the 
sliding couple metals. 

Wear Studies with Radioactive Gears. 
V. N. Borsoff. Lubrication Eng., Jan 
Feb., 1956, pp. 24-28. Description of 
methods and equipment used to detect 
and measure gear wear by radioactive 
techniques. Results show three main 
types of wear—by scoring, by abrasion, 
and by chemical corrosion 

Lubrication of High Capacity Gear 
Drives. D. W. Botstiber and Leo Kings- 
ton. Prod. Eng., May, 1956, pp. 173-179 
Discussion of methods to calculate lubri- 
cation and cooling requirements and to 
determine the system geometry, using 4 
design problem involving a single gear 
train as an illustrative example. Includes 
a description of necessary components 
and their application. 

Turbulence in a Tilting-Pad Thrust 
Bearing. Stanley Abramovitz. Trans. 
ASME, Jan., 1956, pp. 7-11. Results o! 
experiments using water as a lubricant 
indicate that the friction torque increases 
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PROVE THAT KOPPERS LEADS IN 
AIRCRAFT ENGINE NOISE CONTROL 


Finest Engineering Service. Complete Line 
of Equipment. Unmatched Experience. 
Koppers Industrial Sound Control’s experi- 
ence, engineering, equipment and number 
of successful installations stand unchallenged 
in the suppression of sound for the aircraft 
industry. 

Koppers Industrial Sound Control engi- 
neers have silenced aircraft engines of all 
types, in “hush houses’’ and with portable 
run-up mufflers. They have pioneered in the 
design of sound control equipment to solve 


INDUSTRIAL SOUND C 


Koppers Company, Inc.,. Metal Products Division a 
industrial Sound Control Department 


Engineered Products Sold with Service 


KOPPERS 


the specific problems found in the aircraft 
industry. Koppers provides complete engi- 
neering service .. . including the handling of 
construction details for entire buildings. 
Koppers Industrial Sound Control equip- 
ment is now at work suppressing noises for 
the aircraft industry, for other industries and 
in air conditioning systems. If you have a 
sound control problem of any kind, your 
wisest move is to write Koprpers Company, - 
Inc., Industrial Sound Control Dept.,.5908 _ 
Scott Street, Baltimore 3, Maryland. : 
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abnormally when the rubbing speed ex- 
ceeds the critical value. Includes an anal- 
ysis, based on Taylor experimental data, 
indicating the effect on friction torque of 
the variables of fluid viscosity and sliding 
speed for both laminar and turbulent 
film conditions 


Instruments 


Apparatus for the Direct Determination 
of the Dynamic Bulk Modulus. John 
E. McKinney, Seymour Edelman, and 
Robert S. Marvin. J. Appl. Phys., 
May, 1956, pp. 425-480. 11 refs. OSR- 
ONR-sponsored development of a device 
for the direct measurement of the real and 
imaginary parts of the dynamic bulk 
modulus of solid and liquid materials 
over the frequency range of 50 to 10,000 
cycles per sec. 

Erschiitterungsfreies Aufstellen und 
die erschiitterungsfeste Konstruktion von 
Messinstrumenten. A. von Weiss. 
Zeitschrift, Feb. 21, 1956, pp. 205-208. 
In German. Evaluation of basic require 
ments for the design of instruments sub- 
jected to vibration and shock in terms of 
accuracy and reliability. 

Mechanic-Electric Transducer. Kurt 
S. Lion. Rev. Sci. Instr., Apr., 1956, 
pp. 222-225. Description of a system, 
based on a high-frequency discharge in a 
gas under reduced pressure, to permit the 
conversion of mechanical displacements 
into electric signals and, with modifica- 
tions, to permit the detection of small 
movements, large movements, or small 
capacitance changes. 

Photoelectric Angular Error Sensors. 
R. A. Nidey and D. S. Stacey. Rev. 
Sci. Instr., Apr., 1956, pp. 216-218. De- 
scription of a method to measure angu- 
lar errors using photoelectric detectors, 
and examples of various systems, includ- 
ing one for a high-accuracy servo used in 
Aerobee rockets, having a coverage of 360° 
and a null accuracy of 1 min. 

Un Accélérocompteur. Mare Bassiére. 
Tech. et Sci. Aéronautiques, No. 4, 1955, 
pp. 212-215. In French. Design of a 
counting accelerometer for measuring 
the number of times an aircraft has ex- 
ceeded a fixed threshold of acceleration. 
The instrument consists essentially of a 
mass reacting against compression springs 
and has an amplitude filter which regu- 
lates the recording of the values. 

Improving Airplane Handling Char- 
acteristics with Automatic Controls. C. L. 
Muzzey. Trans. ASME, Jan., 1956, 
pp. 143-152. Description of a mode of 
flight in which the aircraft is under the 
joint control of a human pilot and an auto- 
matic control system. Includes analysis 
of the interaction of air loads and inertia 
reactions governing the dynamic stability, 
and of a research project in which the pilot 
controls are disconnected from the control 
surfaces, with separate servos provided 
both to drive the aerodynamic surfaces and 
to resist the actions applied to the cockpit 
controls by the pilot. 

Loading Conditions Following an Auto- 
matic Pilot Failure. I—-Rudder Channel. 
II—Elevator Channel. D. R. Puttock. 
Gt. Brit., ARC CP 242, CP 243, 1956. 
35 pp., 50 pp. BIS, New York. $0.90, 
$1.35. Investigation based on the re- 


NEERING REVIEW 


sponse theo! of rudder elevator 
movement when a rudder failure of the 
automatic pilot occurs 

An Introduction to Automatic Control 
Systems. J. M. Nightingale Mach 
Des., May 17, 1956, pp. 70-75. Analysis 
of servosystems with a description of 
closed loop systems and their terminology ; 
application 
as regulators 
equations 

A Remote Control Apparatus for the 
Movement of Dosage Measuring or 
Similar Equipment to Indicated Positions. 
B. J. Perry i N. H. Pierce: J. Sct 
Instr., May, 1956, pp. 191-193 
tion of the 
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Servo Series. IV—-The Impact-Momen- 
tum Equation in Servo Design. Ira Ritow. 
Elec. Mfg., May, 1956, pp. 107-111, 286 
Some Graphical Methods in Frequency 
Analysis. H. H. Rosenbrock. Trans. 
Soc. Instr. Te Mar., 1956, pp. 30-42 
15 refs. Application of graphical methods 
to obtain quick, simple solutions of con- 
trol problems in servomechanisms. 
Determination of Mach Number from 
Pressure Measurements. F. W. Barry. 
Trans. ASME, Apr., 1956, pp. 581-589. 
15 refs. Analysis of errors introduced by 
using various combinations of measured 
pressures to compute Mach Number in 
supersonic flow, considering pressures 
measured with total, static, conical, and 
two-dimensional wedge probes. 
Development of an Air Mass-Flow Rate 
Meter. W. J. G. Cox. Gt. Brit., ARC 
CP 230 (Oct., 1954), 1956. 47 pp. BIS, 
New York. $0.81, Description of an 
apparatus which is essentially an analog 
computer and gives a two-sweep pointer 
direct presentation, independent of pres 
sure, temperature, 
within — the 


and velocity changes 
range of the instrument 
Includes specifications and performance 
figures for the individual transducer ele- 
ments and the complete instrument, 
error estimations, and discussion of servo 
stability 

The Hot-Wire Anemometer and Its 
Use in Non-Steady Flow. Ian J. Bill- 
ington. UTIA TN 5, Sept., 1955. 69 
pp. 24refs. Experimental results for the 
heat loss of hot wires in stationary gases, 
with a discussion of hot-wire design and 
calibration procedures, and with a de- 
scription of the design of open-jet low 
turbulence calibration tunnels. 

Mass Flowmeter Summation System. 
Clarence A. Haskell. (JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, Pre 
print 602.) Aero. Eng. Rev., July, 1956, 
pp. 54-57. 

A Three-Dimensional Spherical Pitot 
Probe. J. C. Lee and J. E. Ash. Trans. 
ASME, Apr., 1956, pp. 603-608. De- 
scription of five-hole, three-dimen- 
sional spherical pitot probe calibrated 
to measure static pressure and the mag- 
nitude and direction of the velocity vector 
for any arbitrary flow angle without ad- 


justment of the probe. 
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Aircraft Possibilities for True North 
Gyro Compass. Richard Y. Miner 
Navigation, Mar., 1956, pp. 23-28. In. 
cludes description, operation, and per. 
formance predictions. 

Fundamentals of the Vibratory Rate 
Gyro. J. B. Chatterton. Trans. ASME, 
Jan., 1956, pp. 123-124. Includes a der- 
ivation of developed torque, output 
sensitivity, and frequency response 

Investigation of the Time Response and 
Outgassing Effects of Pressure Probes in 
Free Molecule Flow. E. L. Harris, 
UTIA TN 6, Oct., 1955. 28 pp. The. 
oretical analysis to derive expressions 
for the time constant of a pressure probe, 
in terms of the physical dimensions of 
the gage, and for the pressure difference 
between the gas in the gage and the gas 
external to the gage under steady condi- 
tions, in terms of the physical dimen- 
sions and the rate at which the absorbed 
gas is evolved from the interior surface 
of the gage per unit area. 

Measurement of Pressure Distribution 
on Oscillating Wings in Supersonic Flow. 
I—Experimental Methods. Erik Mollg- 
Christensen and S$. Dean Lewis. MIT 
ASRL TR 57-1, Dec. 31, 1955. 45 pp. 
Development of a method for measuring 
pressure on oscillating wings using a thin 
pressure-sensitive probe traversing the 
wing in a chordwise direction but not in 
contact with it. 

A Remotely-Controlled Traversing Yaw- 
meter for Boundary-Layer Exploration. 
D. W. Bryer. J. Sci. Instr., May, 1956, 
pp. 173-175. Design details of a pressure- 
probing apparatus, its safety devices, and 
its system, in order to relate the traverse 
to an accurate datum position 


A Highly Sensitive Gauge for the 


Measurement of Large Strains. A. G. 
Boyer and J. P.O. Silberstein. Australia, 
ARL S&M Note 221, Oct., 1955. 10 pp. 


Development of an electrical strain gage 
in the form of an arch with two bonded 
gages attached to the top of the arch 

A Corrected Speed Tachoscope. 
Appendix—Determination of the Motor 
Speed—Temperature Relationship. R. 
Staniforth Gi. Brit. ARC CP 224 
(May, 1954), 1956. 16 pp. BIS, New 
York. $9.36. Description of the instru- 
ment used in testing aerodynamic com- 
pressors to measure the corrected speed, 
which is defined as the actual shaft speed 
divided by the square root of the ratio of 
the absolute air inlet temperature to the 
standard temperature (288°K. ) 

A New Method for the Measurement of 
Rapid Fluctuations of Temperature. R. 
Dehn. Brit. J. Appl. Phys., Apr., 1956, 
pp. 144-148. 15 refs. Application of a 
photomultiplier in conjunction with an 
infrared image converter to the measure- 
ment of changes in surface temperature of 
the cathode of an oscillating magnetron 
during microsec. pulses 


Laws & Regulations 


L’ Influence des Réglements sur |’Evolu- 
tion et le Progrés du Transport Aérien. 
Jean de Lagarde. L’Aerotecnica (Rome), 
Feb., 1956, pp. 13-19. In French. The 
influence of regulations on the evolution 
and progress of air transportation 
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TREMENDOUS, NEW FIELD OF OPPORTUNITY 


An Artist's Conception 


NUCLEAR AIRCRAFT DESIGN AND DEVELOPMENT 


Convair in San Diego offers challenging and 
very rewarding positions to engineers and scien- 
tists in the long-range program of development 
of nuclear powered aircraft for the U.S. Navy. 

Graduate Mechanical, Civil, Marine, Chemi- 
cal Engineers, Physicists and Naval Architects 
without aircraft experience are invited to join 
the important program of construction and 
operation of NUCLEAR DEVELOPMENT FACILITIES 
and operational and handling concepts. 


3302 PACIFIC HIGHWAY 


Aerodynamic, Dynamic, Hydrodynamic, 
Nuclear, Propulsion Engineers and Aircraft 
Designers will enjoy tremendous growth 
potential at all experience levels through par- 
ticipation in the design and development of 
NUCLEAR POWERED AIRCRAFT. 

To join this new team within our engineer's 
engineering department, write at once. Address 


resume to H. T. Brooks, Engineering Person- 
nel, Dept. 520. 


SAN DIEGO, CALIFORNIA 
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Machine Elements 


Bearings 


Analytical Study of Journal-Bearing 
Performance Under Variable Loads. G 
S. A. Shawki. Trans. ASME, Apr., 1956, 
pp. 457-464. 14 refs. Theoretical in- 
vestigation of the performance of complete 
journal bearings of infinite width, exclud- 
ing the existence of negative pressure in 
the lubricating film. 

Journal-Bearing Operation at Super- 
laminar Speeds. M. I. Smith and D. D 
Fuller. Trans. ASME, Apr., 1956, pp 
469-474. 10 refs. Investigation of load- 
carrying and frictional characteristics of 
journal bearings at velocities ranging up 
to five times the critical speed, defined as 
the rotational velocity which causes the 
breakdown of laminar flow 

Journal-Bearing Performance for Com- 
binations of Steady, Fundamental, and 
Low-Amplitude Harmonic Components of 
Load. G.S. A. Shawki. Trans. ASME, 
Apr., 1956, pp. 449-455. 

Journal Bearing Performance Under 
Sinusoidally Alternating and Fluctuating 
Loads. G. S. A. Shawki and P. Freeman. 
IME Proc., No. 36, 1955, pp. 689-698. 
12 refs. 

An Electrolytic Tank Investigation Into 
Stepped Thrust-Bearing. C. F. Kettle- 
borough. IME Proc., No. 36, 1955, pp. 
679-688. Results of the investigation 
indicating that by a suitable choice of the 
operating conditions it is possible to design 
a stepped-pad thrust bearing which 
operates over a wide range of loads with 
a greater film thickness and a lower 
coefficient than a  tilting-pad thrust 
bearing. Includes a theoretical method 
for the calculation of the operating con- 
ditions. 

The Influence of Some Design Factors 
on the Characteristics of Ball-Bearings 
and Roller-Bearings at High Speeds. 
A. Fogg and J. S. Webber. JME Proc., 
No. 36, 1955, pp. 716-731; Communica- 
tions, pp. 731-744; Authors’ reply, pp. 
744, 745. 

The Development of Metal-Bonded 
Carbon Bearings. Harvey B. Nudelman, 
Cord H. Sump, and Walter C. Troy. 
ASTM Bul., Apr., 1956, pp. 62-69. 15 
refs. Method of combining and bonding 
carbon and metal to obtain a water- 
lubricated bearing material capable of 
performing at temperatures of 200°F. 
and over and to combine the high-impact 
and load-carrying properties of metal and 
the lubricating properties of graphite. 

Some Further Tests on High-Speed 
Ball-Bearings. Appendix—Note on Cal- 
culation of Friction Torque by the Method 
of Poritsky, Hewlett, and Coleman (1947). 
F. T. Barwell and M. J. Hughes. [ME 
Proc., No. 36, 1955, pp. 699-706; Dis- 
cussion, pp. 707-710; Communications, 
pp. 710-713; Authors’ replies, pp. 713 
715. 

Prelubricated Ball Bearings for Air- 
craft Use. U.S., NBS Tech. News Bul., 
Apr., 1956, pp. 54, 55. Description of 
tests leading to the development of a 
method incorporating felt pads which are 
used to supply oil slowly to the bearing, 
in order to permit operation over a wide 
temperature range and at speeds up to 
10,000 r.p.m. 
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Friction 


Untersuchungen iiber den Verschleisz 
einiger Aluminiumlegierungen (bei rol- 


lender Reibung mit Schlupf. Ohne 
Schmierung). Hilmilleri. Istanbul Tech. 
U. Bul. No. 8, 1955, pp. 1-35. In German 
Investigation of the wear of aluminum 


alloys subjecté 
lubrication 


1 to sliding friction without 


Rotating Discs & Shafts 
A Matrix Solution for the Vibration 


Modes of Nonuniform Disks. F. F. 
Enrich 1SME Diamond Jubilee 
Annual Meeting, Chicago, Nov. 13-18, 
1953.) J. VMech., Mar., 1956, pp. 
109-115. Analysis using a_ simulated 


disc composed of circumferential strips 
Alternate strips are considered to be 
massless, constant-thickness elements with 
the average local elastic properties of the 
actual disc 

Stresses in Thin Aeolotropic Disks 
Rotating About Normal Axes. Sen Gupta. 
ZAMM, Sept.—Oct., 1956, pp. 372-378. 
Study of the problems of (a) steady 
rotation of an orthotropic elliptic plate 
whose axes are not coincident with the 
directions of the lines of elastic symmetry 
in the plate, and (b) steady rotation of a 
composite circular disc which is partly 
isotropic and partly cylindrically aeolo- 
tropic. 

Dehnungsmessung an umlaufenden 
Bauteilen; Der Einfluss von Schleifring- 
tibertragern. J. Wachter. VDI Zeit- 
schrift, Jan. 21, 1956, pp. 93-97. In 
German. Development of a method of 
making strain measurements in rotating 
machine elements 


Materials 


Eigenschaften flammgespritzter Zink- 
schichten. E. Gebhardt and H. D. 


Seghezzi. VDI Zeitschrift, Jan. 11, 1956, 
pp. 41-45. In German. Relative merits 


of flash-spraying technique in terms of 
tensile and pressure resistance of the zinc 
coating. 

A Dictionary of Metallurgy. XLII 
Sh-Si. A. D. Merriman and J. S. Bow- 
den. Metal Treatment, Apr., 1956, pp. 
145-152. 

Grain Boundaries. III—Influence of 
Grain Boundaries on Plastic Deformation. 


D. McLean. Metal Treatment, Mar., 
1956, pp. 91-96. 37 refs. 

Intermetallic Compounds in Binary 
Systems. A. Krupkowski. Bul. Acad 


Polonaise (Warsaw), No. 1, 1956, pp 
45-50. Study of the problem of com- 
pounds in connection with the correct 
interpretation of thermodynamic equilib- 
rium diagrams of binary and many- 
component systems. 

Aciers Soudables a Haute Résistance. 
M. Lachenaud. Tech. et Sci. Aéro- 
nautiques, No. 5, 1955, pp. 314-320. In 
French. Relative merits of 25 CD 4, 
15 CDV 6, 20 NCDV 6, and 35 CD 4 steel 
specimens, with an analysis of their 
mechanical properties with emphasis on 
weldability 

The Fatigue Strength of Two Materials 
Under Different Types of Stressing. 
N. J. F. Gunn. Gt. Brit, RAE TN Met. 
231, Nov., 1955. 17 pp. Results of fatigue 


1956 


tests on an aluminum alloy (DTL 6x3 
and a normalized carbon steel (BSS 
S6B) under the following types of stress 
axial, rotating uniform 
rotating cantilever. 

Measuring the Thermal Diffusivity of 
Metals at Elevated Temperatures. \ 
A. El-Hifni and B. T. Chao. Tran; 
ASME, May, 1956, pp. 813-819; dis 
cussion, pp. 820, 821. 15 refs. Descrip 
tion of a modification of the Angstrém-ba; 
method; consideration of the effect of 
possible surface heat loss; and comparison 
of results obtained for electrolytic tough- 
pitch copper and 2S aluminum with 
Storm theory. 

Biaxial Plastic Stress-Strain Relations 
of a Mild Steel for Variable Stress Ratios. 
Joseph Marin and L. W. Hu. Tran; 
ASME, Apr., 1956, pp. 499-509. Study 
to provide experimental verification of the 
validity of the simple flow theory of 
plasticity by subjecting tubular specimens 
to internal pressure and axial tension 

The Stress-Rupture Strength of Type 
347 Stainless Steel Under Cyclic Tempera- 
ture. E. E. Baldwin. Trans. ASME, 
Apr., 1956, pp. 517-525. 11 refs 

Wrought Jet Engine Bucket Alloys. 
Stephen G. Demirjian. SAE Annual 
Meeting, Detroit, Jan 9-13, 1956, Preprint 
660. 8pp. Physical, tensile, and stress 
rupture properties of one cobalt-base alloy 
(S-816) and three nickel-base alloys 
(M-252, Udimet 500, and Inco 700) 

Gusslegierung fiir Gasturbinenschav- 
feln. H. Anders. VDI Zeitschrift, Jan 
21, 1956, p.97. InGerman. Description 
of a casting alloy of high aluminum and 
titanium content, GMR-235, developed in 
the United States for gas-turbine applica 
tion. 

Manganese-Copper High- Damping 
Alloys. J. W. Jensen and J. A. Rowland, 
Jr. Prod. Eng., May, 1956, pp. 135-137 
Mechanical properties, _—_fabricational 
characteristics, and applications of alloys 
with high tensile strength and_ high 
damping capacity. 

Blistering in Aluminium Alloys. I. J. 
Polmear and F. E. Beissel. Australia, 
ARL Rep. Met. 14, Oct., 1955. 54 pp 
38 refs. Investigation which indicates 
that blistering occurs if the material 
contains dissolved hydrogen gas and 
internal cavities into which the gas may 
diffuse. 

Etude Sommaire des Transformations 
Isothermes dans le Duralumin. Marcel 
Tournaire and Martial Renouard. Tech 
et Sci. Aéronautiques, No. 5, 1955, pp 
297-302. In French. Summarized study 
of isothermal transformations in duralu- 
min, with strength properties plotted 
against temperature and duration of 
treatment. 

Magnesium Tooling; Advantages of 
Low Cost and Light Weight for Easy 
Handling. R.L. Nelson. Aircraft Prod., 
May, 1956, pp. 206-210. Consideration 
of the mechanical and processing proper- 
ties and of application to fixture-design 
and other tooling uses. 

Practical Aspects of Titanium. R. A. 
Cole. Aeronautics, Apr., 1956, pp. 74, 
77, 78. Evaluation of titanium and its 
alloys, including resistance to corrosion, 
fatigue strength, weldability, and other 
characteristics. 
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SYSTEMS CAPABILITY 


— where to 


For systems work, at the discussion stage particularly, 
you must look beyond narrow fields of capability. The 
norm should be a company’s past and present per- 
formance in all the technical fields and branches of 
industrial science systems work calls upon today. 

The more deeply rooted you are in all the things of 
which systems are comprised, the better able you are 
to produce completely dependable systems. 

Bendix has an engineering and research staff of over 


COMPLETE. 
SYSTEM 


MISSILES 


Because Bendix is more: 
deeply rooted in all the 
things of which 
systems are comprised, 
Bendix is better able 


to produce completely 


DEPENDABLE 
SYSTEMS 


look for it! 


9,000 with an exceptionally broad range of technical 
abilities. 

Over $80 million was expended on engineering and 
research functions in fiscal 1955. 

Twenty-four widely dispersed manufacturing divi- 
sions located coast to coast employ 50,000. 

The Bendix Systems Planning Group at headquarters 
in Detroit coordinates major systems work and gives 
you a single, centrally located contact. 


Power Supplies 


Jet Ignition 


Bendix offers exceptional capabilities 
in every phase of systems work 
DISCUSSION + CONCEPTUAL DESIGN 

ANALYSIS RESEARCH & DEVELOPMENT 

¢ PROTOTYPE DESIGN & MANUFACTURE 
¢ ENVIRONMENTAL & OPERATIONAL TESTS 
¢ SYSTEMS PRODUCTION + SUPPORT 
& FIELD SERVICE 


“Sond” 


AVIATION CORPORATION 
FISHER BLDG., DETROIT 2, MICHIGAN 
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Joining Titanium; Fusion-Welding, 
Brazing and Soldering Techniques for 
Missile-Design. Aircraft Prod., June, 
1956, pp. 242-246 

Elevated-Temperature Fatigue Proper- 
ties of Two Titanium Alloys. William K. 
Rey. U.S., NACA RM 56B07, Apr. 24, 
1956. 28 pp. Results of tests in the 
range from room temperature to 1,000°F. 
and of comparisons of the endurance 
strength-to-weight ratio with that of 
aluminum alloys, tabulated and presented 
as curves of stress versus cycles to failure 
for each test temperature. 

Thermal Properties of Titanium Alloys 
and Selected Tool Materials. E. G. 
Loewen. Trans. ASME, Apr. 1956, pp. 
667-670. Measurement of the thermal 
conductivity of five titanium alloys, four 
high-speed steel alloys, and four types of 
tungsten-carbide tool materials, over a 
temperature range of 200° to 1,000°F. 
Also included are specific-heat measure- 
ments of two titanium alloys between 70° 
and 1,400°F. 

Resistance Welding Ductile Joints in 
Commercially Pure Titanium. R. Wick- 
ham. Welding J., May, 1956, pp. 463- 
467. Description of the welding process; 
use of preheat and postheat; and structure 
of weld and weld zone. 

The Machining and Welding of Tita- 
nium at Orenda Engines Limited. L. B. 
Gray. CAI Annual Gen. Meeting, Mont- 
real, May 3, 4, 1956, Paper. 22 pp. 

Problems Related to the Introduction of 


Titanium Into Production Turbojet 
Engines. J. L. LaMarca and J. L. 
McCabe. SAE Annual Meeting, 


Detroit, Jan. 9-13, 1956, Preprint 694. 
6 pp. 
Colles a Base de Polyuréthanes. J. 


Grosmangin. France, ONERA NT 29, 
1955. 33 pp. In French. Experimental 


investigation of a fast drying polyurethane 
glue which has the property of hardening 
under low pressure at room temperature 
and which can be used with light metals in 
aircraft structural assembly. Shear and 
water resistant properties are analyzed. 

“Araldite’’ for Glass Cloth Laminates. 
Aero. Res. TN Bul. 157, Jan, 1956. 6 pp. 
Notes on the manufacturing technique, 
advantages, and application to aircraft 
spinner production. 

A Summary of Basic Factors in Design- 
ing Molded Plastic Parts. Ralph E. 
Wallenbrock. Mach. Des., May 3, 1956, 
pp. 85-89. Outline of such basic design 
considerations as size, configuration, in- 
tended appearance of the end product, 
economics, structural aspects, mechanical 
practices in production, and type of 
material. 

Resins for Reinforced Plastics. Ernest 
Schlieben. Prod. Eng., May, 1956, pp. 
198-203. Evaluation of five major classes, 
taking into account functions, manufactur- 


ing requirements and ideal processing, 
mechanical and_ electrical properties, 
appearance, cost, and limitations. In- 


cludes a discussion of some typical molding 
problems. 

The Friction and Deformation of 
Polymers. M. W. Pascoe and D. Tabor. 
Proc. Royal Soc. (London), Ser. A, Apr. 21, 
1956, pp. 210-224. 16 refs. Experi- 
mental investigation of the static indenta- 
tions and tests between crossed fibers of 


ENGI 


circular under the assumption 
of the formation of strong interfacial 
junctions at the regions of real contact. 


sections, 


Recent Material Developments for 
Aircraft Glazing. W. W. Farr. Can 
Aero. J., May, 1956, pp. 169 174 Re 
view of transparent plastic materials used 
in aircraft canopies, including stretched 
plexiglass, with a discussion of physical 


properties, shatter resistance, stretching 

methods, forming techniques 
Renforcement des Structures d’Avions 

a l’Aide de Plastiques. R. J. Schliekel- 


mann Tec t. Sct. Aéronautiques, No 
4, 1955, pp. 234-240. Some practical 
results with reinforced plastic aircraft 


structures 


A Method of Predicting the Effects of 


Notches in Uniaxial Fatigue. W. E. 
Dirkes. 7 ASME, Apr., 1956, pp 
511-515. Study of the problem of 


correlating notched and unnotched test 
data from observations of the behavior 
of materials sul 
Includes the 
graphical meth 
test data 

The Torsional Strength of Some Steel 
and Light Alloy Tubes of Circular Cross- 
Section. F. Clifton. Gt. Brit., RAE 
TN Struc 180, Dec., 1955. 38 pp 
Expression of the torsional strength in 
relation to tensile strength and diameter- 
to-thickness ratio by a simple system of 
curves derived from test results. 

The Physical Meaning of Indentation 
and Scratch Hardness. D. Tabor. Brit 
J. Appl. Phys., May, 1956, pp. 159-166 
15 refs. Brief hardness 


jected to repeated stresses 
development of a_ semi- 
id of extrapolating notched 


analysis of 
measuring techniques. 

On the Relations Between Various 
Laboratory Fracture Tests. E. M. Lape 
and J. D. Lubahn. Trans. ASME, May, 
1956, pp. 823-833; Discussion, pp. 833 
835. 18 refs. Analysis of notched and 
unnotched bend, disc-bursting, 
and Charpy impact tests. 

La Micrographie—Moyen de Recherche 
Quantitatif. H. Biickle and Ch. Biickle 
France, ONERA NT 27, 1955. 29 pp. 
In French. Evaluation of the micro- 
graphic technique as a means for testing 
materials used in aircraft structures. 


tensile, 


Mathematics 


Asymptotic Solution of Some Diffraction 
Problems. J. B. Keller, R. M. Lewis, and 
B. D. Seckler. Commun. on Pure & 
A ppl. Math., May, 1956, pp. 207-265. 25 
refs. Application of the method by which 
the asymptotic expansion may be deter- 
mined with respect to frequency for 
periodic electromagnetic, 
acoustic, and other linear wave problems. 

Concerning the Action of a Finite Group. 
P. E. Conner. Princeton U. Inst. Ad- 
vanced Study AFOSR TN-56-144, Mar., 
1956, pp. 1-4 (11 OSR-sponsored geo- 
metrical analysis to derive an expression 


solutions of 


for the action on a closed manifold giving 
a result similar to that obtained by Smith 
on the topology of transformation groups. 

Infeld Factorization and Angular 
Momentum. H. R. Coish. Can. J. 
Phys., Apr., 1956, pp. 343-349. Exten- 
sion of the connection between Infeld 
factorization and angular momentum 


NEERING REVIEW— 


AUGUST, 1956 


operators to the angular 


momentum 
problems including the symmetric top 


electron-magnetic pole Weiy] 


spherical harmonics with spin, and free 
particle on a hemisphere 
A Method for the Solution of an Eigen- 
value Problem with a Complex Matrix. 
Ta Li a: Aero. Sci., July, 1956, | p. 705 
706. Reduction of a complex eigenvaly 
problem to the Frobenius standard form 
by one simple matrix transformation 
The Solution of High Order Polynomia| 
Equations by Matrix Iteration. | 
Australia, ARL 
1955. Spp. 
Die Methode der ‘‘ersten Zeile,”’ eip 
neues Verfahren zur Bestimmung der 
komplexen Lésungen von  Polynom- 
Gleichungen héheren Grades. R. Miiller 
ZAMM, Nov., 1955, pp. 434-439. In 
German. Development of a method for 
the determination of a complex solution 
to polynomial equations of higher grade 
Ein praktisches Verfahren zur Lisung 
biquadratischer Gleichungen mit nur 
Komplexen Wurzeln. Rudolf 
ZAMM, Nov., 1955, 401-405 


man 


system, 


( yue St 


Rep. SM. 236, Dec. 


Ludwig 
In Ger- 
Development of a practical itera- 
tive method for the approximation of real 
roots of the resultant of two real equations 
obtained for complex roots of the biquadra- 
tic equation. 

Some Observations on Formal Models 
for Programming. J.J.Slade,Jr. Tyan; 
ASME, Jan., 1956, pp. 47-53. Review 
using a geometrical representation, with 
a general discussion of the various types 
of solutions to the problem of finding a 
maximum or minimum of a_ property 
when the variables are subject to a certain 
number of constraints, and consideration 
of a special type of nonlinear programing 

A Sequential Multiple Decision Pro- 
cedure for Selecting the Multinomial 
Event with the Largest Probability. 
R. E. Bechhofer and M. Sobel. Cornell 
U. Mech. Eng. Rep. 9 (AFOSR TN-56- 
219), June, 1956. 3 pp. 

On the Relations Governing the Bound- 
ary Values of Analytic Functions of Two 
Complex Variables. Hans Lewy. Com- 
mun. on Pure & Appl. Math., May, 1956, 
pp. 295-297. ONR-supported study 

On the Integration Method of Bergman 
and Leroux. J. R. Diaz and G. S. $ 
Ludford. Maryland U.,Inst. Fluid Dynam- 
ics & Appl. Math. TN BN-69 (AFOSR 
T N-56-140), May, 1956. 9 pp 

Les Applications Scientifiques de la 
Notion de Régularité. Pierre Vernotte. 
France, Min. de l’'Air PST 307, 1956 
84 pp. In French. Detailed analysis of 
the regularity concept in mathematical 
and physical research. 

On the Classification of the Ordinary 
Differential Equations of Field Theory. 
Parry Moon and Domina Eberle Spencer 
Quart. Appl. Math., Apr., 1956, pp. 1-10 
11 refs. 

On the Instability of Methods for the 
Integration of Ordinary Differential Equa- 
tions. Heinz Rutishauser. (ZA MP, No 
3, 1952, pp. 65-74.)U.S., NACA TM 1403, 
Apr., 1956. 15 pp. Translation. Anal- 
ysis of difference equations with diverging 
solutions to establish a criterion for the 
stabilization of integration methods in 
order to prevent deviations from the 
correct solution caused by unavoidable 
rounding-off errors. 
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a certain 
ideration when. 
ion Pro- ‘ As an engineer, you want to land in the most favorable job 
»bability. t ‘ spot possible — as fast as possible. That’s why we suggest 
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test your weight against defense aircraft demands. This dy- 
ay, 1956, namic aircraft organization is moving ahead fast, expanding 
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THIS FLEXIBLE 
TERMINAL BLOCK 
RESISTS VIBRATION... 
SHOCK... IMPACT... 
CHEMICAL CORROSION 


| 
Use it to solve design problems 
where electronic and electrical 
equipment must operate under 
severe conditions. 12 poles. Capacity 
15 amps, 380 volts. Dimensions: 
4%" x %” x Me". Can be easily seg- 
mented into smaller units. Captive 
brass binding screws. 


UNITED CABLE 
DIVISION 


CONNECTOR FOR 
TRI-AXIAL CABLE 
UP TO 18 KV-RMS 


Essex ingenuity solved the “tri-ax” 
connector problem. And hundreds 
more. Ask Essex engineering to ap- 
ply its imagination and skill to your 
RF connector problems. 


Or select from a comprehensive line 
of standard MIL connectors. Manu- 
facturing follow-through delivers 
complete units. Modifications of 
standards invited. Rapid delivery. 


MUTUAL ELECTRONIC INDUSTRIES 


AERONAUTICAL 


ENGINEERING REVIEW 

On Cauchy’s Problem for Partial 
Differential Equations with Multiple 
Characteristics. Anneli Lax. Commun 
on Pure & Appl. Math., May, 1956, pp 
135-169. ONR-sponsored study 


Survey of the Stability of Linear Finite 
Difference Equations. I—An Equivalence 
Theorem. IIl—Partial Differential Equa- 
tions with Constant Coefficients. P. D 
Lax and R. D. Richtmyer 
Pure 1 ppl Math 
267-293 14 refs 

Ecuatiile Diferentiale Liniare Neomo- 
cu Coeficienti Aproape-Periodici 
si Ecuatiile Cvasilinare cu  Para- 
metru Mic. Stefan Sandor. Bul. Stiint 
Sect. Stiinte Mat. Fiz., July—Sept., 1955, 
In Rumanian. Analysis of 
geneous, linear differential equa 
having quasi-periodic coefficients, 


Commun 
May, 1956, 


on 


PP 


pp. 685-698 
nonhome 
tions 


and of quasi-linear equations of small 
parameter 

Solutii Periodice ale Unor Ecuatii 
Diferentiale din Teoria Fenomenelor 
Parametrice. A. Saichin. Bul. Sttint 
Sect. St Mat. Fiz., July-Sept., 1955, 
pp. 667-682. In Rumanian. Periodic 
solutions of certain differential equations 


in the theory of parametric phenomena 

Teoreme de Existenta pe Axa Reala a 
Solutiilor Ecuatiilor Diferentiale Nelini- 
are de Ordinul al Doilea. C.Corduneanu 
Bul. St Sect. Stiinte. Mat. Fiz., July 
Sept., 1955, pp. 645-651. In Rumanian 
Derivation of existence theorems for the 
solution of nonlinear differential equations 
of second order 

Addition Theorems for the Functions of 


AUGUST, 1956 
Hochstadt. NYU Inst. Math. Si 
Electromagn. Res., Res. Rep BR: M 


(AFOSR TN 56-190), May, 1956. 22 
I—Some Contributions to the Prob] 
of the Extension of Positive De 
Functions. II—On Infinitely Differe 
able Positive Definite Functions. Ajj 
Devinatz. U. Conn. Project Rep. 0, 
TN-55-421, Oct., 1955. 45 pp. 20n ilitary 
Numerical Solution of » Linear Eq 
tions in » unknowns, and the Evaluatj 
of nth Order Determinant (Comp 
Coefficients). D. W. Allen. J. RAs 
Das Dezilog, eine Briicke zwisch 
Logarithmen, Dezibel, Neper und No 
zahlen. kK Tuffentsammer V 
Zeitschrift, Mar. 1, 1956, pp. 267-27 
19 refs. In German. Analysis of lo 
rithmic calculations as applied 
electronic, acoustic, and related probler 
Exponential Solutions of Second-Ord 
Systems. Abe Shenitzer NYU In 
Math. Set., Div. Electromagn. Res., 
Rep. BR-17 (AFOSR TN-56-172), | 
1956. 11 pp. 
Complete Sequences and Approximg)-507. 
tions in Normed Linear Spaces. Philgrtiona 


ting p! 


Davis and Ky Fan. U.S. NBS Refmensic 
4637, Jan., 1956. 64 pp. 28refs. OS_timun 
ONR-sponsored study tion. 
Sulle 

rtical 

Meteorology 

alle 

Standard Atmosphere—Tables 


Data for Altitudes to 65,800 Feet. Inte ae 


national Civil Aviation Organizatic ‘cal 
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> Electronics * Avionics * Instrumentation 


Personnel 
INSTANTANEOUS READOUT Inquiries 
WITHOUT PROCESSING Invited 
@ ANALOG VOLTAGE PHENOMENON RECORDED 
WITHOUT OVERSHOOT, UNDERSHOOT OR 
OSCILLATORY DISTURBANCES 
Pow 
Melbourne, Fla 
RADIATION Ine. 
sue] 


e 
NEW! 
—_ \ = 
= p. 1 
ASS 
> RE RAT On 


sgley Field. U.S. NACA Rep. 1235, 
114 pp. Supt. of Doc., Wash. 
75. Manual containing a detailed spe- 
cation as defined in Annex 8 to the 
vention on International Civil Avia- 
, With basic data mainly in the funda- 
natal c.g.s. system of units. 


lath. Sci., 
Rep. BR 


, 1956. 22 


ilitary Aviation & Armament 


oordinatensysteme in Feuerleit- 
jten. Ambros P. Speiser. ZAMP, 

25, 1956, pp. 1-16. In German. 
plification studies to increase accuracy 

reliability of antiaircraft control 
puters by careful selection of coordi- 
e systems at every point of the com- 
ting process, which is dependent upon 
formulas used for geometric and 


nmer 
pp. 267-2 
alysis of lo 


listic computations. 

ated probler 

Second-Ord Missiles 
NYU In 


56-172), Appnal Proportional Navigation. Fred P. 
ler. J. Appl. Phys., May, 1956, pp. 
d Approximg)-507. Analysis extending planar pro- 
paces. Philgrtional navigation system to three 
Y. NBS Refmensions, based upon a criterion for 
Srefs. OSHtimum navigation to the line-of-sight 
tion. 
Sulle Possibilita del Missile in Volo 
rticale; Deduzione dei Parametri 
y ndamentali di Progetto del Missile 
T lie Caratteristiche del Suo Impiego. 
rrado Casci. L’Aerotecnica (Rome), 
ell b., 1956, pp. 27 36. In Italian. Theo- 
ieal analysis to determine the funda- 
nautical Lal. sntal parameters of missile design from 
_ne missile flight characteristics, such as 
taatitudes attained, relative velocity along 
e trajectory, and duration of climb. 
| esults are presented in the form of 
RS lagrams which can be used in the calcula- 
m of these parameters for design 
urposes 


Navigation 


High Speed Flight Planning. E. F. 
errin. Navigation, Mar., 1956, pp. 6-17. 
leview of theoretical aspects of aircraft 
reading control and their relation to the 
curacy of high-speed air navigation. 
The Plane and Great Circle Sailings. 
Peter H. Selby. Navigation, Mar., 
056, pp. 39-50. Methods for determin- 
g course and distance between two places 
known latitude and longitude; includes 
samples for parallel, traverse, mercator, 
nd great circle sailing. 
Automatic Dead Reckoning Navigation 
struments for Aircraft. H. C. Prit- 
tard. J. Inst. Navigation, Apr., 1956, 
Pp. 186-143. Review of the development 
ad = operation of dead-reckoning 
ustruments, including gyro-magnetic com- 
Mss, air mileage unit, air position indica- 


ler 


ymnnel or, ground position indicator, and wind 
iries attachment. 
ited 


Nuclear Energy 


Characteristics of Nuclear Reactors for 
Power Production of Nuclear Fuel, and 
Inadiation of Materials. Prod. Eng., 
May, 1956, pp. 138-147. Evaluation of 
wh factors as: homogeneity and hetero- 
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geneity; type of fuel; energy range; 
application; moderator, shielding, coolant, 
and control types; and heat and electrical 
output. 

Evaluation of the Nonlinear Kinetic 
Behavior of a Nuclear Power Reactor. 
R. C. Howard. Trans. ASME, Jan., 
1956, pp. 163-169. Results of a theoreti- 
cal analysis, using an analog computer, 
without recourse to the usual assumptions, 
indicating that application of the external 
control must be used to prevent long- 
term transient instability. 

Etude de la Diffusion Dans les Gels 4 
l’Aide des Isotopes Radioactifs. Suzanne 
Cordier. France, Min. de l'Air NT 57, 
1956. 7l pp. 50refs. In French. Study 
of the fundamental concepts of diffusivity. 
Application of radioactive isotopes for the 
measurement of gel diffusion coefficients in 
homogeneous media. 


Parachutes 


Uber den Entfaltungsstosz des Falls- 
chirmes und die Mittel zu seiner Herab- 
setzung. F. N. Scheubel. ZFW, May- 
June, 1956, pp. 186-190. In German. 
Discussion of physical reasons for the 
occurrence of shock forces during the 
opening of a parachute and of possibilities 
of reducing the shock. 


Photography 


Evaluation of the CZR-1 Fixed Camera 
System. R. J. Nichol, Ernest Stern, and 
S. A. Chamer. USAF MTC TN-56-27, 
Apr., 1956. 43 pp. Description of the 
CZR-1 camera used to obtain photo- 
graphic recordings applicable to problems 
involving position velocity, acceleration 
of missiles at the time of launching and 
recovery, and in the initial stages of tra- 
jectory. Test procedures and methods for 
reducing and analyzing the gathered data 
are described. 

Fairchild Analyzer. Karl J. Fairbanks. 
Photogrammetric Eng., Apr., 1956, pp. 
334-350. Design, construction, and 
operating characteristics of the analyzer, 
with a description of the timer, the 
tracking mechanism, and other optical 
components, and an evaluation of high 
trajectory data recording. 

Methoden und Aufgaben des technisch- 
wissenschaftlichen Forschungsfilms. G. 
Wolf. VDI Zeitschrift, Apr. 1, 1956, pp. 
413-423. In German. Review of 
methods and achievements in photography 
applied to flow visualization, to the study 
of the behavior of materials, and to stress 
and strain research. 


Physics 


Fluctuations in Oscillating Systems of 
the Thomson Type, I, II. S. M. Rytov. 
Soviet Physics-JETP (Zhurnal Experi- 
mentalnoi 1 Teoreticheskoi Fisiki, Sept., 
1955), Mar., 1956, pp. 217-235. Trans- 
lation. Development of a theory based 
on considerations of a system with one 
degree of freedom, and using symbolic 
differential equations containing random 
functions which describe the fluctuations, 
in conjunction with methods of correlation 
theory. 


145 


Variational Method for the Calculation 
of the Distribution of Energy Reflected 
from a Periodic Surface. I. W. C. 
Meecham. J. Appl. Phys., Apr., 1956, 
pp. 361-867. 14 refs. 


Power Plants 
Jet & Turbine 


Foreign Object Ingestion in Turbojet 
Engines. H. E. Card and R. L. Mathias. 
SAE Annual Meeting, Detroit, Jan. 9-13, 
1956, Preprint 702. 4 pp. Survey of the 
general problem of foreign object ingestion 
and specifically of the J34 turbojet engine 
designed for use without inlet protective 
devices. 

Analysis of Combustor Performance 
Based on Simplified Chemical Kinetics. 
E. Mayer. ARDE Associates, New Jersey 
TN 4555-1 (AFOSR TN-56-40), Mar., 
1956. 41 pp. Description of the com- 
bustor performance using modified forms 
of the basic aerothermodynamic equations 
in conjuction with simplified reaction rate 
laws applicable to hydrocarbon fuel-air 
mixtures. 

Rendement Global de Combustion Dans 
la Turbine a Gaz. M. J. Fellous. Tech. 
et Sci. Aéronautiques, No. 5, 1955, pp. 
321-323. In French. Brief analysis of 
the combustion process and of the pressure 
loss in a gas-turbine combustign chamber. 
Determination of the overall efficiency in 
order to obtain the relationship between 
the chamber performance and the pressure 
loss 

The Aerothermopressor—A Device for 
Improving the Performance of a Gas- 
Turbine Power Plant. Appendix A— 
Derivation of Influence Coefficients. 
Appendix B—Analysis for Approximate 
Optimization Procedure in Regime II. 
Appendix C—Governing Physical Equa- 
tions for Droplets. Appendix D—Approxi- 
mate Discontinuity Analysis. A. H. 
Shapiro, K. R. Wadleigh, B. D. Gavril, 
and A. A. Fowle. Trans. ASME, Apr., 
1956, pp. 617-653. 14 refs. 

The Effect of Lacing Wire on Axial 
Compressor Stage Performance at Low 
Speeds. S. J. Andrews and H. Ogden. 
Gt. Brit., ARC CP 225 (Nov., 1953), 
1956. 21 pp. BIS, New York. $0.65. 
Results of tests indicate that, with lacing 
wire of 0.14 in. diameter in the rotor and 
stator and with blades of height 2!/2 in., 
the loss in stage efficiency is about 12 per 
cent, but if 0.14 in. diameter tubular 
lacing is deformed within the blade pitch 
to a more streamlined section of 2!/2:1 
fineness ratio, the drop in stage efficiency 
would be about 5 per cent. 

High Speed - High Temperature Shaft 
Seals. J. W. Pennington, T. C. Kuchler, 
and E. J. Taschenberg. SAE Annual 
Meeting, Detroit, Jan. 9-13, 1956, Preprint 
687. 21 pp. Various types of clearance 
and contacting seals discussed in terms of 
design aspects and limitations, with the 
application requirements of each, to guide 
the turbine designer in providing the best 
operating environment for the selected 
seal. 

A Look at Some Turbine Bearing 
Problems. Gilbert C. Barnes and Earle 
A. Ryder. SAE Annual Meeting, Detroit, 
Jan. 9-13, 1956. Preprint 693. 8 pp. 
Analysis of basic problems related to the 
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reliability of aircraft turbine thrust 
bearings 

Conditions Limites Pour le Calcul 
d’un Compresseur Axial. M. B. Bloc. 
Tech. et Sci. Aéronautiques No. 1, 1956, 
pp. 36-40. In French. Analysis of the 
limiting conditions for the calculation of 
axial compressors, taking into account 
such developmental requirements as the 
weight reduction and the augmentation of 
thrust per unit area. 

Aero Engines 1956. Flight, May 11, 
1956, pp. 567-597. Detailed breakdown, 
by companies and specific design types, 
summarizing the development progress of 
each. 

Ten Years of ATAR Development. R. 
Constant. IJnteravia, No. 4, 1956, pp 
287-290. Review of design progress of the 
French ATAR 101 turbojet, with details of 
operational characteristics. 

The Development of Rolls-Royce Pro- 
peller Turbine Engines. D. P. Huddie. 
CAl Annual Gen. Meeting, Montreal, 
May 3, 4, 1956, Preprint. 15 pp. 
Historical survey of development, with 
details of performance, control systems, 
serviceability, and noise level characteris- 
tics. 

Performance Criteria of Gas-Turbine 
Combustion Chambers; A Method of 
Comparison and Selection for the De- 
signer. II. D. B. Spalding. Aircraft 


Eng., May, 1956, pp. 168-172. 
Development of an Air Injector. F. 

Canada, NRC Div. Mech. Eng. 

18 pp. Dis- 


Cheers. 
Rep. MT-31, Mar., 1956. 


ENG 


cussion of problems in designing an air 
injector to provide increased velocities for 
testing large combustors. 

An Approach to the Economic Problem 
of Matching Condenser Surface with 
Exhaust-Annulus Area. W. A. Wilson 
and L. G. Malouf. Trans. ASME, Jan., 
1956, pp 135-141 

Sulphur Dew-Point Corrosion in 
Exhaust Gases. R. L. Coit. TJyrans 
ASME, Jan., 1956, pp. 89-94. Experi 
mental investigation including static, 
intermittent immersion, model heat-ex- 
changer, and semiclosed-cvycle tests 

Automatic Flow Control in Jet Engine 
Fuel Systems. J. W. Tomlinson. A7) 
craft (Canada), Apr., 1956, pp. 42, 47, 81 
Description of a fuel control unit using 
varying compressor inlet and outlet air 
pressures in addition to the fuel pressures 
in the system to schedule fuel flow 
automatically to the burners 

The Supersonic Turbojet. Flight, May 
11, 1956, pp. 557-566, cutaway drawing 
Discussion of problems of engine design 
for high Includes 
analysis of a theoretical engine for part- 
subsonic and part-sonic flight, and of an 
engine for complete supersonic flight. 

Testing the Tyne; Heeman and Froude 
Equipment for Rolls-Royce Airscrew- 
Turbine. Aircraft Prod., May, 1956, pp. 
177-179. Description of two dynamom- 
eter beds used to measure the developed 
shaft power and of a_ torque-reaction 
airscrew-rig for running with a fitted 
flight airscrew 


supersonic speeds 


UGUST, 1956 


Reciprocating 


The Aerodynamics of the Cooling 
Aircraft Reciprocating Engines. A. ¢ 
Hartshorn and L. F. Nicholson. 
Brit. ARC R&M 2498 (Mav, 1947 
1956. 135 pp. 152 refs. BIS, New York 
$7.20. 

Radioactive Tracers in Engine Re. 
search; the Effect of Piston Ring Rota. 
tion on Side-Wear Rate. A. Kk. Han 
num. Thompson Prod. Eng. Bul., Apr, 
1956, pp. 1-12. 


Rocket 


Untersuchung einer elektrischen Rege- 
lungsméglichkeit fiir den Nennschub 
parallelarbeitender Raketen-Triebwerke, 
Rudolf Stenzel. Weltraumfahrt, Feb, 
1956, pp. 41-48. 12 refs. In German, 
Study of an electronic system for the 
control of parallel working rocket motors. 

Combustion Processes in Liquid Pro- 
pellant Rocket Motors (Second Quarterly 
Progress Report for the Period 1 Decem- 
ber 1955 to 29 February 1956). I. E, 
Smith and I. Glassman Princeton U 
Dept. Aero. Eng. Rep. 334-b, Apr. 30, 
1956. 14 pp. Brief review of the basic 
concepts and development of a new ex- 
perimental scheme, with results of pre. 
liminary tests on a low-pressure ap- 
paratus. 

Instabilités de la Combustion dans les 
Moteurs Fusées; Etude Expérimentale. 
M. Barrére, A. Moutet, and P. Sarrat. 
France, ONERA Pub. 82, 1956. 66 pp 


39 refs. In French. Summary of er 


Experienced Engineers: If you seek a stabilized future with unlimited 
potential for advancement and recognition — Cessna has a place for 


you! An equitable balance of military and commercial projects 


provide wide diversification of assignments. 


Stress Analysists — Excellent supervisory positions available for 
aero, civil, or mechanical engineers. Flight Test — Conducting flight 
test programs on jet aircraft. A complete range of assignments. 
Example: Air Load Survey, Stability and Control, and 


Component Development. For other assignment openings, write: 
Professional Placement Supervisor, Dept. AER. 


Cessna AIRCRAFT COMPANY 


5800 EAST PAWNEE ® WICHITA. KANSAS 
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Ni THE CORPORAL ROCKET ENGINE, developed at JPL, represents 
“1947 Ota @ the first large-scale American engine to be used in a tactical guided 
v York ' missile and the first significant step in the design of truly lightweight, 
—- Achievem Cf) 79 large-scale rocket engines. The reliability of the Corporal engine has been 
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Pioneers in Rocket Engine Development 
JPL JOB OPPORTUNITIES ARE | The development of efficient rocket power plants involves application 
. WAITING FOR YOU TODAY of knowledge from many scientific and engineering fields—thermo- 
imited in these fields dynamics, combustion, heat transfer, fluid mechanics, and metallurgy, to 
place for AUTICA name a few. Such development stems from experience gained with small 
AERONAU CAL engines and progresses through various phases, including component 
MECHANICAL development, heat transfer investigation and exhaustive firing of the 
: final engine to assure reliability and repeatability of operation. 
STRUCTURAL The prime objective of JPL is obtaining basic information in the 
DYNAMICS various sciences related to missile systems development and in all phases 
ATTED : of jet propulsion. As a basis for the entire Laboratory activity, a major 
PROPULSION continuous program of fundamental research in the physical sciences is 
; constantly in progress. 
for APPLIED MECHANICS The Laboratory, occupying an 80 acre site in the San Gabriel moun- 
flight INERTIAL ELEMENTS tain foothills north of Pasadena, is staffed by approximately 1450 people, 
, : all employed by the California Institute of Technology. Its various projects 
ts. CONTRACT LIAISON are conducted under continuing contracts with the U.S. Government. 
TECHNICAL EDITING Expanding programs are rapidly providing new openings for quali- 
te: : fied people. If you would enjoy the challenge of new problems in research, 
TECHNICAL WRITING write us today outlining your interests, experience, and qualifications. 
NY 
~ | CALTECH JET PROPULSION LABORATORY 
AS 
A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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perimental techniques used in the study 
of combustion instability. Includes de- 
scription of measuring equipment and of 
propulsion units used in the experiment. 
Also includes a description of low-fre 
quency instabilities dependent on the 
ignition delay. 


Production 


Thin-Wing Manufacture; Method of 
Manufacturing Integral Structures Using 
Standard Machine-Tools. Aircraft Prod., 
May, 1956, pp. 194-199. 


Metalworking 


Contour-Etching; Chemical Process 
Used for Shaping Aluminium Alloy Skins. 
Aircraft Prod., May, 1956, pp. 168-176 
Description and evaluation of the process; 
applications. 

The Place of Metal Bonding in Modern 
Aircraft Structures. Edw. van Beek. 
Tech. et Sci. Aéronautiques, No. 4, 1955, 
pp. 257-260. Survey of the possibilities 
and limitations of the metal bonding proc- 
ess and of methods of improving it for 
aircraft design application. 

Forging Dies and Tools; Factors Af- 
fecting Design. A. Hughes and D. Val- 
lance. Metal Treatment, Apr., 1956, pp. 
135-148. 

Heavy Die Forging Presses; History, 
Development and Present Status. George 
W. Motherwell. ASME Diamond Jubi- 
lee Annual Meeting, Chicago, Nov. 13-18, 
1955, Paper. 21 pp. 27 refs. Review 
of the USAF heavy forging press pro- 
gram indicating origin, size, design, loca- 
tion, and use of the presses in the United 
States as well as in Europe. 

Couronne de Gros Grains Aprés Traite- 
ment des Produits Filés et Moyens de la 
Combattre. M. Scheidecker and J. 


Hérenguel. Tech. et Sci. Aéronautiques, 
No. 4, 1955, pp. 251-256. In French. 


Study of the effect of controlling the heat- 
treatment conditions and modifying the 
composition of the metal, based on ex- 
periments with A-U4G and A-Z4G light 
alloys. 

Integral Skin Machining. Aircraft 
Prod., June, 1956, pp. 226, 227. Design 
and requirements of the British wing- 
skin generating machine. 

Machining Approach to Aircraft Pro- 
duction. Harold Young. CAI Annual 
Gen. Meeting, Montreal, May 3, 4, 1956, 
Paper. 34 pp. Discussion of problems 
encountered in the machining of air- 
craft structures, with specifications for 
material selection and design require- 
ments. 

Causes and Control of Distortion Dur- 
ing Machining of Aluminum-Alloy Forg- 
ings. Loyl R. Thomas and Harry J. 
Gilliland. Steel Processing, May, 1956, 
pp. 274-278. 

Grooving Compressor-Casings. Air- 
craft Prod., June, 1956, pp. 218-225. 
Analysis of methods used for the machin- 
ing of stator blade ring-location grooves. 
Includes description of a specially designed 
boring lathe with a single row of tools 
contained in a turret at the end of the 
bar, positioned by an optical screen with 
datum lives. 

Abrasive-Belt Grinding; A New Ma- 
chine for Large Single Components or 


Large Numbers of Small Parts: Wing- 
Skin Tapering. Aircraft Prod., May, 1956, 


pp. 190-193 Description of the Farn- 
ham machine, with construction and in 
stallation details; application to wing 


skin tapering 
Production Engineering 


Engineering Organization and Manage- 
ment in an Aircraft Equipment Company. 
R. A. Rugge Elec. Eng., May, 1956, pp 
$14-417 

The Learning Curve Theory as Applied 
to Production Costs. Robert H. Lund 
berg. SA/ nnual Meeting, Detroit, Jan 
9-13, 1956 rint 679. 
of the the 


13 pp. Outline 
for such applications as 
estimating labor costs, forecasting shop 
labor loads, planning manpower needs, 
scheduling rk flow, and locating and 
correcting the causes of malperformance. 

Quality Control in the Overhaul and 
Maintenance of Aircraft. A. C. Ledger 
J. SLAE, Mar., 1956, pp. 3-9. Dis 
cussion of quality control as a factor in 
reducing cost, 
time, and 


maintenance 
proving quality of aircraft 


decreasing 


servicing 

Radiography of Aircraft Structure for 
Safety and Economy. Albert D. Ed- 
wards SAE Annual Meeting, Detroit, 
Jan. 9-13, 1956, Preprint 674. 5 pp. 

Seamaster Prototype Production. A/r- 
craft Prod., June, 1956, pp. 247-249. 
Discussion of methods and materials used 
in the manufacture of a large prototype 
jet flying boat 

Transition from Small to Large Air- 
craft Manufacturing. H. L. McKeown. 
CAI Annu Gen. Meeting, Montreal, 
May 3, 4, 1956, Paper. 21 pp.  Dis- 
cussion of problems including personnel 
planning, plants, and production and con- 
sideration of some general aspects of the 
CL-28 Maritime Reconnaissance aircraft 
with emphasis on the need for revision 
in basic methods in order to hold direct 
and overhead costs within a _ practical 
minimum 


Reference Works 


Special Issue: 28th Annual Directory. 
Western Av., Apr., 1956. 98 pp. De- 
tailed breakdown, by companies and 
specific aircraft design types, of technical 
specifications and performance data. 


Rotating Wing Aircraft 


Induced Aerodynamics of Helicopters. 
IV. P. R. Payne. Aircraft Eng., May, 
1956, pp. 148-153. Includes measurement 
of rotor thrust and circulation by wake 
survey, and calculation of the induced 
velocity variation due to a finite number of 
tip vortices and of the induced downwash 
at a rotor blade element. 

Determinazione Sperimentale delle 
Caratteristiche Aerodinamiche di una 
Elica Goldstein in Funzione Sostenta- 
trice. Attilio Lausetti. L’Aerotecnica 
(Rome), Feb., 1956, pp. 37-42. In Italian. 
Experimental determination of the aero- 
dynamic characteristics of a Goldstein 
propeller as a lifting means. 

Special Issue: Symposium on the Fu- 
ture Role of the Helicopter. J. AHS, 
Apr., 1956. 56 pp. Contents: Future 


1936 


of Vertical Lift Aircraft, L. L 


Douglas 
Are Helicopters Obsolete, R. A. W igner 
The Future of the 
Harvey 
Obsolete, Anton Flettner Is the Helj. 


Light 
Gaylord Is the 


Helic« pter, 
Helic »pter 


copter Obsolete, R. H. Miller Is the 
Helicopter Obsolete, Kenneth Razak 
Is the Helicopter Obsolete, Carl I. Hut- 
ton. Is the Helicopter Obsolete, David 
E. Postle. Effect of Spanwise and Chord 
wise Mass Distribution on Rotor Blade 
Cyclic Stresses, Harold Hirsch, Robert 
E. Hutton, and Abner Rasumoff. The 
Effect of Blade Root Properties on the 
Natural Mode Shapes, Bending Mp. 
ments, and Shears of a Model Helicopter 
Rotor Blade, H. Daughaday and F 
DuWaldt. 

Aspetti Paradossali dell'Elicottero. R 
Vannutelli. L’Aerotecnica (Rome), Feb., 
1956, pp. 43-46. In Italian. Considera- 
tion of some paradoxical aspects of the 
helicopter, classified according to their 
causes. Includes analysis and discus- 
sion of the causes and suggestions for a 
critical view of the helicopter’s present 
and future development 

Stability of a Flexible Helicopter Rotor 
Blade in Forward Flight. Yechiel Shul- 
man. J. Aero. Sci., July, 1956, pp. 663 
670, 6938. Description of a_ theoretical 
method to determine the transient sta- 
bility of motion, using the concept of 
Stability Number and taking into ac. 
count two degrees of freedom—rigid 
flapping and elastic bending—in the for- 
mulation of the problem. Includes nu 
merical solutions of the equations of mo- 
tion for a number of cases of both rigid 
and flexible blades through the use of 
the M.I.T. Whirlwind high-speed com- 
puter. 

Mechanical Stability of a Two-Bladed 
Cantilever Helicopter Rotor. Peter F 
Leone. J. Aero Sci., July, 1956, pp 
633-638. Theoretical investigation to 
generalize the Feingold solution for the 
case in which the blades are assumed in- 
elastic and attached to the hub by 
means of vertical hinges 

Problema Stabilitatii Elicopterului cu 
Rotor Antrenat Prin Jet in Zbor la Punct 
Fix. Al. Marinescu. Stud. Cerc. Mec. 
Aplic., July—Dec., 1955, pp. 299-3815 
In Rumanian. Study of the problem of 
dynamic stability, in a fixed point of the 
flight path, of a helicopter equipped with 
a jet-driven rotor. 


The Twin Rotor Helicopter—A De- 
scription of Control Methods. 4m. 
Helicopter, Apr., 1956, pp. 6, 7, 16, 17. 


Discussion of control problems in_ the 
Bristol 173 helicopter emphasizing the 
safety and maneuverability of a twin- 
rotor arrangement. 

Uber die Fliigelschwingungen eines 
Hub- oder Tragschraubers beim Vor- 
wartsflug. Wilhelm Miller. (Sci. Ses- 
sion Soc. Appl. Math. & Mech., Berlin, 
June, 1955.) ZAMM, Sept.-Oct., 1959, 
pp. 385-396. In German Study of 
flight oscillations of a lifting or thrusting 
rotor in forward flight. 

H-34A-Phase VI-Functional Develop- 
ment Test. John N. Johnson and Robert 
G. Ferry. USAF FTC TR 56-4, Apt. 
1956. 65 pp. Results of the flight-test 
program which includes mission analysis, 
test times, manpower requirements, de- 
tailed functional analysis of the air frame 
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THEORETICAL AERODYNAMICS 


Interesting positions available for men with M.S. to Ph.D. 
degrees and extensive experience in the field of Aerodynamics. 


These men will work on challenging basic research in Aero- 
Physics. These positions offer an opportunity to use your 
initiative and creative ability. 


We offer excellent employee benefits including tuition-free 
graduate study. Please send resume to: 


Mr. J. A. Metzger 
ARMOUR RESEARCH FOUNDATION 
° 
Illinois Institute of Technology 


10 West 35th Street 
Chicago, Illinois 


SOUTHWEST RESEARCH INSTITUTE 
HAS OPPORTUNITIES 
IN 
ENGINEERING ANALYSIS 


A number of attractive positions are available for in- 
dividuals with outstanding qualifications in the field of 
engineering analysis. Investigations in such areas as vibra- 
tions and dynamics, stress analysis, aeroelasticity, nonlinear 
mechanics, and properties of materials are now in progress. 
If you have an excellent mathematical background and are 
interested in joining a young and expanding group working 
on such problems, write to: 


S. J. Keane, Manager, Technical Services 
SOUTHWEST RESEARCH INSTITUTE 


8500 Culebra Road, San Antonio 6, Texas 


PPP 


Consult your 


1956 AERONAUTICAL 
ENGINEERING CATALOG 


for suppliers of aircraft parts, mate- 


rials, and services 


@ A master file of company product catalogs. 


and guided missile materials and components. 


@ Names, current addresses and general descrip- 


tion of products of all principal manufacturers. 
@ Handy inquiry postcards. 


AN OFFICIAL PUBLICATION: 


INSTITUTE OF THE 


AERONAUTICAL SCIENCES 


2 E. 64th St. 
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BOSTON INSULATED 
WIRE & CABLE CO. 
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LOOK TO B.I.W. FOR 


BIW HAS CONSISTENTLY SHOWN LEADERSHIP in the develop- 
ment of new types or forms of insulation for wires and cables 
in the aircraft industry. With quality and performance in 
service as the ultimate aim of its product, BIW has con- 
tinually experimented with new materials and ideas. In many 
initiated the use of certain materials or 
designs which later became standard in the aircraft industry. 
In other cases BIW recognized the merit of new types and 
participated in their early manufacture. 


instances BIW 


1947: 


1949: 


1950: 


Improved aircraft lighting and power cable 
using highgrade rubber insulation and 
flame resisting lacquer. 


Development and manufactare of special 
armored shielded conduit for aircraft 
engine ignition. 


Designed and manufactured custom-made 
aluminum sheathed aircraft cable for 
dirigibles. 


Initiated use of neoprene insulation for 
power and lighting cables. 


Special multi-conductor cables for bomber 
turrets. 


Design and manufacture of special gunfire 
control cable for aircraft. 


Introduction of “Teflon” insulation and the 
development and patent of laminated tape 
constructions for high temperature wiring. 


First to develop laminated “Teflon” ignition 
cable for jet engines. Since approved and 
adopted as standard. 


Design and development of special small 
wire for guided missiles. 


Design and manufacture of wire for im- 
mersion in aircraft fuel tanks. 


Design and manufacture of 
Teflex co-axial cable for aircraft. 


laminated 


Special 
de-icers. 


design for airplane propeller 


Specialized developments and research on 
the above. New developments. Details will 
be periodically announced. We solicit your 
inquiries. 


BOSTON INSULATED WIRE & CABLE CO. 


70 BAY STREET ° 


BOSTON 25, MASS. 
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and related systems, flight characteristics, 
and 69 recommendations covering the 
modifications of control, rotor, 
and other systems 


engine, 


Safety 


The Prediction of Aircraft Accidents 


from Pilot-Centered Measures. Wilse 
B. Webb. J. Av. Med., Apr., 1956, pp 
141-147. Review of previous attempts 


to predict accident rates through aptitude 
and perf rmance measurements. 

The In-Flight Collision Problems. J] 
Q. Brantley, Jr. Aero. Eng. Rev., July, 
1956, pp. 45-53. 14 refs. 

Generalized Trajectory Curves for 
Bodies Moving in Air. R. J. Templin 
and M. M. Callan Canada, NAE 
LR 159, Mar. 7, 1956. 12 pp. Con 
struction of a chart applicable in aircraft 
investigations to reconstruct 
trajectories for large numbers of oddly 
shaped objects, and derived from the ratio 
of initial-to-terminal velocity and the 
trajectory angle. 

Crash Fire Prevention—Research to 
Flight Test. E. R. Zeek and I. J. Ham 


accident 


mill (IAS 24th Annual Meeting, New 
York, Jan. 23-26, 1956, Preprint 630.) 


Aero. Eng. Rev., July, 1956, pp. 40-44. 

Aircrew Recovery From Airborne Mis- 
haps. E. D. Harper. Can. Aero. J., 
May, 1956, pp. 151-158. Evaluation of 
techniques and equipment used in bailing 
out of high-speed aircraft 


Space Travel 


The Atmosphere of a Spaceship. Lewis 
Grant, Jr. J. Space Flight, Apr., 1956, 
pp. 1-6. Evaluation of various gas mix- 
tures in terms of passenger comfort and 
health, weight, inflammability, economic 
feasibility, and the experimental problems 
to be encountered. 

Air Conditioning in Upper Space. 
Frederick H. Green. Western Av., Feb., 
1956, pp. 12-14, 16. Analysis of the 
problem of air conditioning manned sat- 
ellites, taking into account such factors as 
the provision of oxygen, pressurization, 
humidity and temperature control, and 
leaks. 

Earth Satellites 
tics and Problems. 


Some Characteris- 
Norman V. Peter- 


sen. Sperry Eng. Rev., Mar.-Apr., 1956, 
pp. 3-11. General study of problems 
involved in launching and_ controlling 


satellite vehicles, with an outline of the 
properties of the upper atmosphere and 
of the factors governing satellite lifetime 

A History of the Artificial Satellite. 
Alan R. Krull. Jet Propulsion, May, 
1956, pp. 369-3883. Chronological bibli- 
ography covering approximately 350 ref 
erences and listing significant published 
literature on both manned un- 
manned artificial satellites of the earth 

On Applications of the Satellite Ve- 
hicle. R. P. Haviland. Jet Propulsion, 
May, 1956, pp. 360-363, 368. 11 refs 
Introduction to the possibilities and prob- 
lems of the “inward-looking”’ (‘‘inward”’ 
from the satellite, toward the earth) 
fields, covering weather charting, car 
tography, and communication techniques 

Lifetimes of Satellites in Near-Circular 
and Elliptic Orbits. N. V. Petersen. 


AERONAUTICAL Et 


NEERING REVIEW 


Jet P? n, May, 1956, pp. 341-351, 
368. 27 refs. Consideration of (a) the 


general ¢ cteristics of circular motion 
neglecting drag effects, (b) the structure 
of the sphere, (c) the free molecule 
flow drag, and (d) the equations of mo 
tion ‘A ipproximate solution to the 
nonlinear differential equations of motion 
for near-circular constraint is derived 

Satellite Ascent Mechanics. Jorgen 
Jensen Propulsion, May, 1956, p 
359 Analysis of guidance accuracy re 
quirements for the injection elevation 
angle itv 


Flight Mechanics of Ascending Satel- 
lite Vehicles. Frank M. Perkins. Je? 


Propu May, 1956, pp. 352-358 
Solution of the optimum vacuum stage 
thrust axis pitch program for a satellite 
using continuous thrust all the way from 
ground rbit, with an explanation of 
trajectory optimization to minimize pro 
pellant consumption for a vehicle using a 
power-off ist up to the orbit, and of ana 
log and digital computer techniques for 
trajector calculations Includes dis 
cussion of types of orbits and trajectories 


Control and Power Supply Problems 
of Instrumented Satellites. Ernst Stuh- 
linger Propulsion, May, 1956, 
pp. 364-368. Description of a method of 
rth’s shadowing effect on the 
smic radiation to regulate the 
itude in relation to the earth's 


using the 
isotropic ¢ 
satellite's att 


center, of several possible systems 
having specific power production of 
0.4 and 0.7 watts per lb. of weight to pro 
duce about 100 watts of electric power 
each 


Structures 


Investigation of the Fatigue of Ex- 
truded Tubular Booms. W. A. P. Fisher 
and H. Yeomans. Gt. Brit., ARC CP 
234, 1956 16 pp. BIS, New York 
$0.45. Results of fatigue tests on three 
lengths of Valetta spar extruded tubing 
with three different specimens taken from 


each lengt rhe specimens are the fol- 
lowing extruded tube specimens 
lightly ined on the outside and hav 
ing transverse holes drilled through the 
tube; (b) plain extruded tube with center 


ensure failure in the 
solid polished bar speci 
from the walls of the ex 


section reduced to 
test; ind 
mens mad 
truded tubes 
Stan Naprezenia i Odksztatcenia Spre- 
zystego Zginanej Rury Cienkosciennej 
o Przekroju Soczewkowatym. Zbigniew 


Olesiak Mech Stosowane] (War 
saw), No 1955, pp. 503-518 13 refs 
In Polish, with summaries in English 
and Russi Study of the state of stress 
and strain in a thin-walled tube of lentic 


ular cross section subjected to bending 

Design of Structural Models, with Ap- 
plication to Stiffened Panels Under Com- 
bined Shear and Compression. P. E 


Sandorff TAS 23rd Annual Meeting, 
New Vor Jan. 24-27, 1955, Preprint 
JO4 Sci., July, 1956, pp. 623 
632. 26 refs 

Safety Factors. J. K. Williams. J 
RAeS, M 1956, pp. 806-312. Analysis 
of safety factors in structural design as 


influenced by requirements of weight and 


serviceabilit 


Bars & Rods 


Einfache angenaherte Berechnung de 
Biegeeigenfrequenzen eines einseitig 
gespannten Stabes ungleichférmigen 
schnittes, sowie der Eigenwerte ghp. 
licher Variationsprobleme. H. Witt. 
meyer. ZAJMAM, Sept.—Oct., 1955, pp 
340, 341. In German. Simple approxi. 
mate calculation of the bending eigen. 
frequency of 
section, 


a rod of nonuniform cross 


Wybocznie Preta w OSrodku Spreiy. 
stym. Jersy  Sutocki Arch. Meck 
Stosowanej} (Warsaw), No. 4, 1955, pp. 
561-575. In Polish, with summaries jy 
English and Russian. Analysis of an 
elastic bar with two hinged supports at 
the ends and with the lower part of the 
bar surrounded by a homogeneous elastic 
medium. An exact solution and a trans. 
cendental equation are obtained. Ny. 
merical values are found as an approxi 
mate solution by means of the method of 
orthogonal functions, the results being 
corrected by substituting these values jp 
the transcendental equation 


Beams & Columns 


The Influence of the Torsion-Bending 
Constant on the Lateral Instability of 
Beams in the Elastic Range. J. Solvey. 


Australia, ARL Rep. SM. 231, Aug, 
1955. 15 pp. 

Elementy Cienkoscienne Podwéjaie 
Zakrzywione Silnie Zbiezne. Jerzy No- 
winski. Arch. Mech. Stosowanej (Warsaw), 
No. 4, 1955, pp. 533-560. 14 refs. In 


Polish, 
Russian. 
thin-walled 
symmetrical, 
high taper 
Strength of 75S-T Integral Compres- 
sion Skins in Box-Beams Under Pure 


with summaries in 

Investigation of 
cantilever 
doubly curved, 


English and 
stresses in 
axially 
and with 


beams 


Bending. Sigge Eggwertz. Sweden, Flyg- 
tekniska Forséksanstalten FFA Medd. 64, 


1956. 42 pp. 38 refs. Investigation of 
postbuckling stress distribution in un- 


stiffened compression skins for the pur- 
pose of developing an empirical formula 
for calculating maximum bending mo- 
ment, which can be applied to box beams 
with two or more webs 


Connections 


Stress Distribution in Glued Single 
and Multi-Joints of Sheets Subjected to 
Shear Along the Splice Line. F. Misztal 
Bul. Acad. Pelonaise Sct Warsaw), 
No. 1, 1956, pp. 21-27 

Rozktad Naprezeni Scinajacych w Spei- 
nach Potaczeni Klejonych. Franciszek 
Misztal. Arch. Budowy Maszyn (Wat- 
No. 1, 1956, pp. 35-63. In Polish, 
with summaries in English and Russian 
Theoretical consideration of various joints 
of thin sheets with shear across the splice 
line, under the assumption that both the 
elements joined and the adhesive layer 
Hooke'’s law, 


the yniform 


saw), 


in their whole region obey 
and neglecting the effect of 
distribution of the deformations of panels 
joined on their thickness upon the stress 
distribution in the adhesive layer, to ae 
termine the effects of elasticity and the 
geometrical parameters of the elements 0 
such a joint. 
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@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 


@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from 2” to 12", pack- 
ages in rolls of 50 feet. 


Springdale, Pa.; Houston, Texas, Los Angeles, Calif.; Portland, 
Ore. Ditzler Color Div., Detroit, Michigan. The Thresher Paint 
& Varnish Co., Dayton, Ohio. Forbes Finishes Division, Cleveland, 
Ohio. M. B. Suydam Div., Pittsburgh, Pa. 


PittsBURGH PAINTS 
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Pittsburgh 
FABSEAL 


Makes Flying Safer... 
More Efficient! 


Millions of flying hours prove the 
dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 


@ Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


PITTSBURGH PLATE GLASS CO., Industrial Paint Div., 
Pittsburgh, Pa. Factories: Milwaukee, Wis.; N 


vewark, 


PAINTS « GLASS « CHEMICALS ¢ BRUSHES « PLASTICS « FIBER GLASS 
PITTSBURGH PLATE 


GLASS COMPANY 


1956 15] 


AN-ECK-OIC® Wedges 


AN-ECK-OIC® WepcGeEs 


Inset shows de- 


Anechoic Chamber installation 


sign and con 


struction of 
typical AN - 
ECK-OIC® 
WEDGE 


Another AN-ECK-OIC® WEDGE installation 


Anechoic Chambers are recognized as valuable 
facilities for analyzing noise sources in auto- 
motive and aircraft engines, components, aux- 
iliary machines, electric and audio equipment. 


In many of the Anechoic Chambers in the United 
States, AN-ECK-OIC® Wedge units made by 
THE ECKEL CORPORATION provide the 


near perfect sound absorption. 


Recent Anechoic Chamber installations have 
been constructed for General Electric Co., Pitts- 
field, Mass., The National Bureau of Standards, 
Washington, D. C. 


For the silencing of Engine Test Cells, Firing 
Ranges, noisy machines and equipment consider 
the use of ECKOUSTIC® Sound Control Panels 

product of THE ECKEL CORPORATION. 
The Eckel Corporation Engineering and Installa- 
tion organization can be helpful to you in solving 
your sound laboratory problems. 


THE ECKEL CORPORATION 


155 Fawcett Street 
Cambridge 38, Massachusetts 


ECKOUSTIC® Panels 


From Water Level To Stratosphere... | ee | 
4 
fe) Pratt & Whitney Aircraft 
Na: East Hartford, Connecticut 
LY, CY 
SABLE 
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Cylinders & Shells 


Inversion of a Perfectly Elastic Spheri- 
cal Shell. J. L. Ericksen. ZAMM, 
Sept.—Oct., 1956, pp. 382-385. Solution 
of the problem of inversion of a spherical 
shell of incompressible, perfectly elastic 
material. It is shown that the surfaces 
of the deformed shell may be left free of 
surface tractions if the strain energy is of 
the form assumed in the Mooney-Rivlin 
theory of rubber. 

On the Problem of Buckling of a Hy- 
perbolic Paraboloidal Shell Loaded by 
its Own Weight. Anthony Ralston 
J. Math. & Phys., Apr., 1956, pp. 53-59 
Study of a shell with a moment-free sup- 
port and rigid edge members to find the 
smallest uniformly distributed load which 
would cause buckling. 


Elasticity & Plasticity 


On a Classification of Non-Homo- 
geneous Elasto-Plastic Bodies. W.Olszak. 
Bul. Acad. Polonaise Sci. (Warsaw), No. 
1, 1956, pp. 29-385. 12 refs. Outline of 
the theory of small elastoplastic defor- 
mations in nonhomogeneous bodies. 

Stress Theory of Plastic Flow. D. 
Trifan. J. Math. &@ Phys., Apr., 1956, 
pp. 44-52. 17 refs. Presentation of a 
mathematical theory of plastic flow for 
incompressible, isotropic, strain-hardening 
materials exhibiting a gradual transition 
from the elastic to the plastic state. 

O Pewnych Zagadnieniach Brzego- 
wych Teorii Sprezystosci. Witold No- 
wacki. Arch. Mech. Stosowanej (Warsaw), 


MASON 
51000 Series 
extra heavy duty 


Supplied in single, double and triple sec- 
tions—1 to 8 positions per section. Thus, 
one switch provides up to 24 completely 
isolated circuits. Unit withstands heavy 
overloads. Eliminates the need for relays. 
Usable with rotary solenoids. 


WRITE FOR LITERATURE 


SMALL, HIGH= 
CAPACITY ROTARY 
SELECTOR SWITCH 


_—extremely dependable 
operation 


This switch—less than 
21/2" in diameter —is 
rated at 60 Amps. 

35 Amps. inductive, 

@ 28 VDC. Construction 
is unusually rugged, for 
applications in heavy-duty 
circuits. 

No contact chatter under 
50 G’s shock... 600 to 
3300 cpm vibration at a 
double amplitude of 
.06", and an acceleration 
of 10 G's. Arcing is 
minimized. Low 
operating torque. 


MASON ELECTRIC CORP. 
3839 Verdugo Rd., Los Angeles 65, Calif. 
switches designed for reliability 


NEERING REVIEW 


No. 4, 1955, pp. 483-502. 
summaries in 


In Polish, with 
English and Russian. 
Analysis of boundary problems to gen- 
eralize the methods of structural analysis 
lems of the theory of elasticity 
On Uniqueness in the Theory of Plas- 


to the prol 


ticity. C. Drucker. Quart. Appl 
Math., 1956, pp. 35-42. 12 refs 
Discussion of unique solutions within the 
fundamental definitions of work-harden- 
ing and perfect plasticity. 

Plates 


Analysis of an Infinite Plate Containing 
Radial Cracks Originating at the Bound- 
ary of an Internal Circular Hole. O. L 
Bowie Vath. & Phys., Apr., 1956, 
pp. 60-71 

The Bending of Plating with Widely 
Spaced Stiffeners. J. C. Chapman and 
Jean E. Slatford. Chartered Mech. Engr., 
May, 1956, pp. 256, 257. Abridged. 

The Buckling Under Longitudinal Com- 
pression of a Simply Supported Panel that 
Changes in Thickness Across the Width. 
Appendix I—General Solution of the 
Equation of Equilibrium for Plates Under 
Compression. Appendix II—-Calcula- 
tion of the Compressive Stress Required 
to Produce Buckling of a Simply Sup- 
ported Panel. Appendix III—Calcula- 
tion of the Stress Required to Produce 
Buckling of a Clamped Panel. Appendix 
I1\-- Determination of the Shear Stiffness 
of the Panel. E. C. Capey Gt. Brit., 
26 pp. BIS, New 


ARC CP 235, 1956 
York. $0.72 


AUGUST, 


III--General Bending of a Plate Int 
a Developable Surface. IV —Edge Cup 
ing of a Plate Undergoing Oblique Beng. 
ing. V—Geometry of the Lines of May. 
mum Curvature in Bending of Thi 
Plates. C. Riparbelli. Cornell U. Grag 
Sch. Aero. Eng. OSR TN-56-31; 
TN-56-32; OSR TN-56-33; Dec., 1955 
15 pp.; 20 pp.; 18 pp. Theoretical ap. 
alyses to provide information applicable 
to the study of thin wings presenting q 
quasi-homogeneous structure, in which 
the deformation mode is determined by 
the family of lines of maximum cur. 
vature assumed to be straight 

A Study of the Anticlastic Deflections 
of Thin Plates in Bending. Jean J] 
Ginoux. Princeton U. Dept. Aero. Eng 
Rep. 320 (OSR TN-55-198), Aug., 1955 
19 pp. Computation, based on a Yoler 
theory, of the maximum values in order to 
predict the precision of the final nozzle 
block constructed by a new method of 
supersonic nozzle design 

The Effect of Shape on the Orthotropic 
Characteristics of a Rectangular Plate, 
Wasfi A. Hijab. J. Aero. Sci., July, 
1956, pp. 696, 697. Derivation applying 
the Timoshenko method for the solution 
of the plane stress problem of an isotropic 
rectangular plate with a parabolic loading 
on two opposite sides, to the solution of 
its orthotropic analog, where two axes 
of elastic symmetry coincide with the 
geometric axes. 

Stress Concentrations at the Corners 
of a Trapezoidal Plate. L. H. Mitchell. 
Australia, ARL Rep. SM. 232, Sept. 


book 


developments in supersonic flow. 
rate chapter deals with unsteady aerofoil 
theory, important for problems of stability 
and flutter. 
tions of the subject are fully developed 
Wing Theory will be of particular interest 
to aeronautical engineers. 


illustrations. 


CAMBRIDGE UNIVERSITY 
PRESS 


32 East 57th Street, New York 22, N. Y. 


WING THEORY 


by A. Robinson and 
J. A. Laurmann 


A study of the calculation of the aero- 
dynamic forces which act on the lifting 
surfaces of an aeroplane in flight. This 
includes the ‘classical’ theory of 
aerofoils at low speeds in two and thre« 


dimensions as well as some of the latest 


sepa- 


The hydrodynamic founda- 


It contains 132 


$13.50, at your bookstore 


— 

& 
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TM Will your income and location 

“a allow you to live in a home 
like this...spend your 

leisure time like this 
They can...if you start your 
Douglas career now! 

r0- Douglas has many things to offer the career- 
ng minded engineer! 
a ...there’s the stimulating daily contacts with 
me men who have designed and built some of the 
pa- ...there’s enough scope to the Douglas opera- and you'll be in both the income level and geo- 
foil tion so a man can select the kind of work he 8 @Phical location to enjoy life to its full. 
- likes best! For further information about opportunities with 
| , ...there’s security in the company’s $2 Billion Douglas in Santa Monica, El Segundo and Long 
est backlog of military and commercial contracts! Beach, California and Tulsa, Oklahoma, write 


...and there’s every prospect that in 10 years today to: 


DOUGLAS AIRCRAFT COMPANY, INC. 


C. C. LaVene, 3000 Ocean Park Blvd. 
Santa Monica, California 


you'll be where you want to be professionally, 


DOUGLAS (. 


First in Aviation 
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1955. 16 pp Determination by re- 
laxation of stresses in a strip with con- 
stant edge strains and a free end at 
45°, and a comparison of results with 
Coiley photoelastic experiments in order 
to clarify the disagreement 
theory and experiment 

The Influence of a Bolt Inserted in a 
Hole of an Infinite Plate Subjected to 
One-Directional Tension or Compression 
on the Stresses in the Plate. F. Szela- 
gowski. Bul. Acad. Polonaise Sci. (War- 
saw), No. 1, 1956, pp. 9-20. 

Tarcze Ortotropowe pod Dziataniem 
Sit Masowych. Marek Sokotowski. Arch. 
Mech. Stosowanej (Warsaw), No. 4, 1955, 
pp. 427-456. 15 refs. In Polish, with 
summaries in English and _ Russian. 
Derivation of basic equations and solu- 
tions of a series of plane problems for the 
theory of elasticity of an orthotropic body 
in the case of a load constituted by body 
forces only. 


between 


Sandwich Structures 
Bibliography and Summaries of Sand- 


wich Constructions (1939-1954). J. Sol- 
vey. Australia, ARL Bibliog. SM. 2, 
Oct., 1955. 86 pp. Extensive bibliog- 


raphy for use as basis for further develop- 
ment of stress analysis and design of sand- 
wich structures. Covers theoretical and 
experimental research on strength, buck- 
ling, deformation, structural effi- 
ciency. 

Le Nid d’Abeilles Métallique, Nouveau 
Matériau de Remplissage. M.C. Thomas 
Tech. et Sci. Aéronautiques, No. 5, 1955, 
pp. 304-308. In French. Development 
of a new concept of sandwich structures, 
with an evaluation of mechanical prop- 
erties of various filling materials. 


Testing 


Aircraft Strength Testing. P. B. Wal- 
ker. J. RAeS, May, 1956, pp. 322-326 
Discussion of the relative merits of static, 
fatigue, and thermo-structural testing of 
aircraft structures. 

A Photoelastic Method of Two-Di- 
mensional Separation of Stresses Along 
a Line of Symmetry by Using the Iso- 
chromatic Fringes Only. S. P. Christo- 
doulides. Brit; J. Appl. Phys., May, 
1956, pp. 190-194. 


Thermal Stress 


Approximate Solution to Thermal-Shock 
Problems in Plates, Hollow Spheres, and 
Cylinders with Heat Transfer at Two Sur- 
faces. A. Mendelson and S. S. Manson. 
Trans. ASME, Apr., 1956, pp. 545-453. 
Development of a method using poly- 
nomial approximations of the tempera- 
ture distribution by which the partial 
differential equation of the problem is re- 
duced to a set of first-order ordinary dif- 
ferential equations. 

Quantitative Evaluation of Thermal- 
Shock Resistance. S. S. Manson and R. 
W. Smith. Trans. ASME, Apr., 1956, 
pp. 5383-544. 13 refs. Results, based on 
theoretical investigations and ex- 
periments with steatite and glass, over a 
wide range of quench severity, show that 
the thermal-shock resistance of most 
brittle materials is a function of two or 
more parameters whose importance de- 
pends on the quench severity. Pres- 


NEERING REVIEW 


entation of an adequate theory to permit 
prediction of thermal-shock 
of thin circular discs subjected to periph- 
eral quench of arbitrary heat-transfer 
coefficient by using the maximum-stress 
criterion of fracture and the statistical 
theory of fracture 

Design Aspects of High-Temperature 
Fatigue with Particular Reference to 
Thermal Stresses. L. F. Coffin, Jr 
Trans. ASME, Apr., 1956, pp. 527 
Discussion, p. 532. 20 refs 


resistance 


531; 
Analysis of a 
design criterion for fatigue of structural 
components under conditions of constant 
or cyclic elevated temperatures 


Weight Analysis & Control 


Economics of Minimum Weight in the 
Weapon System Era. C. L. Baer. 13th 
Annual Natl. Conf. Soc. Aeronautical 
Weight Engr., San Diego, Apr. 30-May 4, 
1956, Paper 134. 6 pp. 

Minimum Weight Design of a Simply 
Supported Transversely Stiffened Plate 
Loaded in Shear. Malcolm F. Symonds 
J; 4ere.-3 July, 1956, pp. 685-693. 
12 refs. Development of a method to de- 
termine the plate thickness, stiffener 
spacing, and stiffener size and shape which 
will carry the ultimate load in an un- 
buckled condition with minimum weight. 


Wings 


An Approximate Solution to the Swept 
Wing Root Constraint Problem. D. Howe 
Coll. of Aeronautics, Cranfield, Rep 9S, 
Feb., 1956. 15 pp. Analysis based on 
the Hemp oblique coordinate theory for 
the case of a uniform rectangular swept 
box having closely spaced rigid ribs 
Spanwise skin stress distribution is ex- 
pressed as a polynomial in the chordwise 
ordinate, with the final equations de- 
rived by the theory of minimum strain 
energy 


Thermodynamics 


Combustion 


The Combustion of Liquid-Fuel Spray. 
J. A. Bolt and T. A. Boyle Trans 
ASME, Apr., 609-615 10 
refs. Experimental investigation of the 
evaporation and burning rates’ using 
photographic techniques to obtain an in 
dication of the rate of change in diameter 
and the velocity of the burning drops, 
while moving freely in air. 

A Contribution to the Application of 
Flame Photometry on Ca, Sr, Ba and Li. 
Tj Hollander, A J Borgers, and KS; T J 
Alkemade {ppl Sct. Res., Sect B, 
No. 6, 1956, pp. 409-427. 14 refs. Ex- 
perimental investigation into the line 
to-background ratio, the detection limit, 
interference effects, filter leakage, and 
the form of the standard graphs. Read- 
ings were taken for each element, using a 
series of filters of varying 
central length and an acetylene- 
air and propane-air flame for comparison 

Flame Properties and The Kinetics of 
Chain-Branching Reactions. J. Calvin 
Giddings and J. O. Hirschfelder. U 
Wis. NRL Dept. Chem. Reb. SQUID-5, 
May 3, 1956. 31 pp. Calculations of 
flame velocity and chemical profiles for a 
chain-branching with 


1956, pp. 


interference 
wave 


system second- 
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order chain breaking. Deviations from 
the pseudo-steady state are explained jp 
terms of time lag in the formation ang 
destruction of the free radicals 

Photometric Investigations of Alkali 
Metals in Hydrogen Flame Gases. []— 
The Study of Excess Concentrations of 
Hydrogen Atoms in Burnt Gas Mixtures, 
Elzbieta M. Bulewicz, C. G. James, and 
T. M. Sugden. Proc Royal Soc. (London 
Ser. A, Apr. 10, 1956, pp. 89-106 7 
refs 


Heat Transfer 


Heat Transfer Between Immiscible 
Liquids. Appendix I—Effective Therma] 
Conductivity of the Liquid Mixture. 5 
S. Grover and J. G. Knudsen. (Chem. 
Eng. Progress Symposium Ser. No. 17.) 
Ore. State Coll. Eng. Exp. Sta. Reprint 50, 
8 pp. 

The Forced Flow due to Heating of a 
Rotating Liquid. T. V. Davies. Philos 


Trans. Royal Soc. (London), Ser. A, 
Mar. 22, 1956, pp. 27-64. Investigation 
of the three-dimensional structure of 


critical wave patterns in the Rossby or 
high-rotation regime in order to derive a 
stability criterion for forced liquid motion 
when a temperature difference exists be- 
tween the outer and 
boundaries of the liquid. 
Integral Methods in Natural-Convec- 
tion Flow. Salomon Levy (ASME 
Natl. Conf., Troy, June 16-18, 1955.) 
J. Appl. Mech., Dec., 1955, pp. 515-522 
14 refs. Evaluation of the range of appli- 
cation, accuracy, and usefulness of in- 
tegral methods natural-convection 
flow by means of specific flow examples 


inner cylindrical 


including natural convection in- 
clined plates, horizontal cylinders, and 
arbitrary bodies. 

Heat Transfer to Liquid-Solid Sus- 


pensions in Turbulent Flow in Pipes. 


Aven P. Miller and R. W. Moulton 
Trend in Eng., Apr., 1956, pp. 15-21 
15 refs. 


A New Method of Evaluating Dynamic 
Response of Counterflow and Parallel- 
Flow Heat Exchangers. H. M. Paynter 
and Yasundo Takashashi. Trans. ASME, 
May, 1956, pp. 749-758. Calculation of 
successive parameters from the exact 
solutions for the frequency response, with 
numerical examples and a 
with experimental results 

Heat Transfer Problems Solved by 
Electrical Analogy. R. O. Smith. 
Dig., May, 1956, pp. 21-24. Develop- 
ment of a method of solution applied 
for the determination of the temperature 
field for steady-state heat transfer in 
bodies of nearly any shape. An experi- 
mental investigation of the heat transfer 
in a cooled radial-flow turbine rotor is also 
shown. 

A New Electrical Analog Method for 
the Solution of Transient Heat-Conduc- 
tion Problems. G. Liebmann. 7vans 
ASME, Apr., 1956, pp. 655-663;  Dis- 
cussion, pp. 664, 665. 17 refs 

Some Experiments on Thermai Cun- 
tact at Low Temperatures. R. Berman 
J. Appl. Phys., Apr., 1956, pp. 318-323 
17 refs. Description of an apparatus de- 
signed to apply a force large enough to 
reach the yield point of copper at liquid- 
helium temperatures, with measuremeats 
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HYPERSONICS 


AT CORNELL AERONAUTICAL LABORATORY 


This is the “‘business end”’ of a shock tunnel. The 
photograph illustrates its use to obtain data on 
hypersonic flight...data which will be needed 
to engineer intercontinental missiles. The shock 
tunnel was conceived by a Cornell Aeronautical 
Laboratory engineer six years ago and was ini- 
tially developed under a self-supported internal 
research program, and later by Air Force con- 
tract. Today the tunnel has become a basic tool 
for the study of high-speed gas dynamics. 

The hypersonic program is one of the 160 tech- 
nical research projects that are currently in prog- 
ress at C.A.L. These projects deal with almost 
every area of research related to the challenging 
problems of modern flight. Electronics, mate- 
rials, atmospheric physics, weapon systems, and 
applied mathematics are among the many stim- 
ulating areas of research available at C.A.L. for 
the professional man with an inquisitive mind. 


CORNELL AERONAUTICAL 
LABORATORY, INC. 
OF CORNELL UNIVERSITY 


The story behind Cornell Aeronautical Laboratory 
and its contributions to aeronautical progress is vividly 
told in a 68-page report, “A Decade of Research.” 
Whether you are interested in C. A. L. as a place to work 
or as a place to watch, you will find “A Decade of 
Research” both useful and pertinent. Mail in the cou- 
pon now for your free copy. 


G. A. Kopp 
CORNELL AERONAUTICAL LABORATORY, INC. 
Buffalo 21, New York 


Please send me ‘“‘A Decade of Research.’’ 


Name L 
SAND 
ER Lal 
Street N & 
Pup, 
City Zone 7 


O Please send employment information. 


— 
| E Pa 
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Of the heat transfer between various sur- 
faces in vacuo, and with a tabulation of 
main results 

Radiation Analysis by the Network 
Method. A. Kk. Oppenheim Trans 
ASME, May, 1956, pp. 725-735 18 
refs. Application of the network method 
of radiation analysis to the problem of 
evaluating the net heat-transfer charac- 
teristics in an enclosure consisting of any 
number of gray heat-transfer surfaces and 
filled with any number of diathermanous 
Extension of the theory to 
other modes of heat transfer and energy 
transformation. 

Comparison of Radiant and Conductive 
Heat Transfer in a Supersonic Wing. 
N. J. Hoff. J. Aero. Sci., July, 1956, pp 
694, 695. Establishment of the order of 
magnitude of the amount of heat trans 
ferred in a wing structure, assumed to be 
infinitely long perpendicular to the plane, 
by each of the processes alone. 


gray gases 


Includes 
a comparison of the results of two analyt- 
ical investigations. 

On Metastable Approximations in Co- 
operative Assemblies. C. Domb and M. 
F. Svkes. Proc. Royal Soc. (London), 
Ser. A, Apr. 24, 1956, pp. 247-259. 13 
refs. Description of a method, by re- 
arranging the terms of exact series ex- 
pansions of the partition function at low 
and high temperatures on the basis of 
physical considerations, to derive the 
Curie point and critical values of the en- 
ergy and entropy. A discussion of the 
dependence of the specific heat curve on 
lattice structure is included 


Vertical Take-Off Aircraft 


VTOL Aircraft. Ken S. Coward and 
Earl R. Hinz. Am. Helicopter, Mar., 
1956, pp. 6-9, 14. Developmental review 
covering helicopters; propeller-driven 
types including the tail sitter, deflected 
slipstream, tilting wing and tilting rotor; 
and jet versions of the tail sitter, tilting 
engine and deflected-thrust types. In- 
cludes a brief discussion on power and 
disc loading, power-plant selection, and 
flight operating envelopes. 

VTOL-STOL Aircraft—Part I. I—Jet 
VTOL. Earl R. Hinz. Il—Some Con- 
siderations of the STOL Airplane. Wal- 
ter Tydon. III—Remarks on the Effi- 
ciency of STOL aircraft. A. N. Petroff. 
Aero. Eng. Rev., July, 1956, pp. 28-39, 44. 

Conception Nouvelle des Avions Dé- 
collant a la Verticale. Eggers and Lhoste. 
Tech. et Sci. Aéronautiques, No. 5, 1955, 
pp. 273-278. In French. Evaluation of 
experimental investigations at S.N.E.C.- 
M.A. on high-speed, vertical take-off 
aircraft, with details of model testing tech- 
niques and of propulsion unit design and 
control requirements 


Water-Borne Aircraft 


Effect of Shallow Water on the Hy- 
drodynamic Characteristics of a Flat- 
Bottom Planing Surface. Appendix 
Description of the Langley Tank No. 2 


NEERING REVIEW 


Monorail and Its Operation. Kenneth 
W. Christopher. U.S., NACA TN 3642, 
Apr., 1956. 36 pp 

Oval Hydrofoils with Trailing Edge 
Flap and Boundary Layer Control. Lee 
Arnold Simon Slutsky. Lee Arnold 
Asse R 93-2, Sept., 1955 59 pp 
11 refs Development of a method of 
analysi design of hydrofoil shapes 


Wind Tunnels & Research 
Facilities 


Lucas High-Altitude Plant. Aero 


plane, Ay 7, 1956, pp. 313-319, cuta 
was ng Description of a high 
altitude test plant capable of simulating 
flight conditions up to 50,000 ft., with a 


simplified circuit diagram 
Het Nationaal Luchtvaart Laboratorium. 


Avia | eld (Netherlands), May 10, 
1956, pp. 226, 227, cutway drawing. In 
Dutch Design and description of the 
NLL facilit 

Water Tunnels for Hydraulic Investi- 
gations. J M. Robertson Trans 
ASME, 1956, pp. 95-104. 70 refs 
Design description of various types, 
with an analysis of the cavitation phe 
nomenon and a definition of its scaling 
factor. Includes a list of tunnels in the 


United States 

Experimental Evaluation of Supersonic 
Wind Tunnel Performance with Solid 
Wall Test Section; Supersonic Diffuser; 
Scavenging Scoop Combinations. R. V 
DeLeo and J. Huerta. USAF ARDC 
TR-56-6, May, 1956. 82 pp. 25 refs 

Some Aerodynamic Studies in the 
C.A.R.D.E. Aeroballistics Range. G. VY. 


Bull. Can. Aero J., May, 1956, pp. 154 
163 Description of a ballistic tunnel 
used to aerodynamic forces on 


models 
presented f 
bination sl 


Data are 

ra cruciform wing-body com- 
iowing aileron power, damping 
in roll, pitching moment, normal force, 
center of pressure, and damping in pitch 
and drag 


supers speeds 


A.R.A.'’s Transonic Test Establish- 
ment. Zhe Aeroplane, May 4, 1956, pp 
344-349. Description of the test facility 


having a king section 9 ft. wide and 
8 ft. high, capable of producing Reynolds 
Numbers up to + X 108 at the speed of 
sound, and having a Mach Number range 
of 0.6 to 1 

Tunnel Aerodinamici a Forte Velocita 
con Azionamento ad Inerzia. Lorenzo 
Poggi W, May-June, 1956, pp. 202 
204. In Italian. Discussion of the ap 
plicability i flywheel for storing en 
lriving a high-speed wind tun 
nel for unsteady-flow research 

Flexible-Plate Nozzle Design for Two- 
Dimensional Supersonic Wind Tunnels. 
Harold N. Riise CIT’ Jet Propulsion 


ergy and 


Lab. Re 20-74, June 9, 1954. 41 pp 
Development of a semianalytical method 
for the design of flexible-plate, potential 
flow supersonic nozzle contours The 
method consists of a fairly rigid control of 
the secon nd third derivatives of the 


nozzle displ 
and downstre 


cement curve both upstream 
um from the inflection point 
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Research on the Design of Hyper. 
sonic Nozzles and Diffusers at High 
Stagnation Temperatures. I—Design ay 
Construction Problems of a Hypersopj, 
Facility and Preliminary Investigation ¢ 
Liquid Film Cooling. R. Hermann, 
Leitinger, and W. L. Melnik. 
Inst. Tech. Dept Aero. Eng. RAL Re 
Rep. 127 (WADC TN 55-507), Mar 
1955. 182 pp. 33 refs 

A Simple Method for the Constry. 
tion of Fixed Two Dimensional Wing 
Tunnel Nozzles Without Machined (Cop. 
tours. Seymour M. Bogdonoff. Pring. 
ton U. Dept. Aero. Eng. Rep. 321 (OSp 
TN-56-167), Sept., 1955. 11 pp 

The aircraft Research Association's 
Facilities; A Description of the New 
Transonic Wind Tunnel at Bedford ang 
of Proposed Future Additions. 4 
craft Eng., May, 1956, pp. 140-147 

An Automatic Self-Balancing Capsule 
Manometer. G. F. Midwood and R. \ 
Hayward (Gt. Brit., RAE TN Aer 
2382, 1955.) Gt. Brit., ARC CP 23] 
1956. 22 pp. BIS New York. $0.45 
Development of an apparatus to measur 
the pressure in supersonic wind tunnels 
covering a range of zero to two atmos 
pheres absolute and calibrated to give 
an accuracy of 0.01 in. mercury over the 
range of 0.5 to 60 in. mercury absolute 
using a remote reading indicator for digital 
recording. 

An Automatic Control System Operat- 
ing from Small Physical Displacements, 
R. W. F. Gould. Trans. Soc. Inst. Tech. 
Dec., 1955, pp. 148-151. Description of 
the system applied as part of the equip- 
ment of a high-speed wind tunnel to keep 
the absolute pressure of the air constant 
at any chosen value up to approximately 
1.2 atmospheres 

Quelques Balances 4 Jauges Exten- 
sométriques des Souffleries Frangaises, 
P. Rebuffet. (Sth NATO AGARD 
Wind-Tunnel Meeting, Rome, Feb. 20-25, 
1955.) France, ONERA NT 31, 1956 
59 pp. In French. Analysis of funda- 
mental concepts of dynamometric ana- 
lyzers, with a review of extensometric 
gage balances used in French wind tun- 
nels 

Forced Convection of Heat from Cyl- 
inders at Low Reynolds Numbers. D 
C. Collis. J. Aero. Sci., July, 1956, pp 
697, 698. Investigation of forced con- 
vection heat transfer of an air stream of 
low turbulence level, with results appli- 
cable to hot-wire anemometry 

A Study of the China-Film Technique 
for Flow Indication. R. J. Stalker 
Australia, ARL Rep. A.96, Oct., 1958, 
33 pp. Results of experiments on the mech- 
anism of formation and the  aerody- 
namic meaning of China-clay streak pat- 
erns, showing their intimate connection 
with a sublaver of sludge in the liquid 
film 

Some Results of Comparison of Model 
and Full Scale Spinning Tests. A. J 
Marx. 8th NATO AGARD Flight-Test 
and Wind-Tunnel and Model-Testing Pan- 
els Joint Meeting, Rome, Feb. 20-25, 1996, 
Paper. 8&8 pp 
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AERODYNAMICS 


50 Jahre Grenzschichtforschung; Eine Fest 
schrift in Originalbeitragen (50 Years of Bound 
ary-Layer Research; A Commemorative Volume 
of Original Contributions). Edited by H. Gértler 
and W. Tollmien. Braunschweig, Friedr. Vieweg 
& Sohn; New York, London, I. R. Maxwell & 
Co., Ltd., 1955. tables 
$13.50 

This volume is issued to commemorate the 
fiftieth anniversary of Ludwig Prandtl’s lecture, 
“Ueber die Flussigkeitsbewegung bei sehr 
kleiner Reibung (On the Motion of a Fluid with 
Slight Friction),’’ which he presented at the 


499 pp., illus., diagrs., 


International Congress of Mathematicians at 
Heidelberg in 1904. Contrary to the impressior 
given by the title, this is not an historical survey, 
for the main object of the book is to present many 
new facts of special interest 

Contents: 50 Jahre Grenzschichttheorie: Ihre 
Entwicklung und Problematik, W 
Integral Equation Boundary Layer Problems, 
G. F. Carrier. Thick Laminar Boundary Layer 
under Sudden Lateral Perturbation, A. Mager 
Ueber die in der Grenzschicht auftretende Dif- 
ferentialgleichung + #’’ + — = 
0 fir 8 <0 bei gewissen Absauge- und Ausblase 
gesetzen, R. Iglisch and F. Radial 
Jets, H. B. Squire. The Structure of Turbulence, 
Th. Theodorsen. Zur Berechnung des Ueber 
ganges laminarer Grenzschichten in die Aussen- 
strémung, A. Betz. Two Dimensional Jet Mixing 
of Supersonic Flow, S. I. Pai and B. B. Cary, Jr 
On the Boundary Layer in Liquids, M. Z. Krzy- 
woblocki. On the Boundary Layer in Electron 
Stream, M. Z. Krzywoblocki. Lignes de Courant 
Limites 4 la Paroi pour l’Aile Droite d’Envergure 
Infinie Dérapée, Ad. Oudart. Hypersonic Vis- 
cous Flow over an Inclined Wedge with Heat 
Transfer, S. I. Paiand S.F.Shen. The Stability 
of Boundary Layer Type Flows with Infinite 
Boundary Conditions, M. Lessen and J. A. Fox 
The Laminar Boundary Layer on a Rotating 
Sphere, N. E. Hoskin Studies of Boundary 
Layer Flow with a Fluid-Motion Microscope, A. 
Fage. Ueber die ‘‘ahnlichen’’ Lésungen der 
instationaren laminaren Grenzschichtgleichung 
in inkompressibler Strémung, H. Schuh. The 
Law of the Wall in Turbulent Shear Flow, D 
Coles. Quantitative Effects of Prandtl Number 
and Viscosity-Temperature Index on the Com- 


Tollmien 


Kemnitz 


pressible Laminar Boundary Layer with Pressure 
Gradient, J. Tinkler. Theoretical Investigation of 
Frictional Effects for Laminar Compressible 
Flow in a Tube Entry, Tau-Yi-Toong and H. 
Shapiro. On the Solution of the Laminar Bound- 
ary Layer Equations, I. Tani. The Calibration 
of the Stanton Tube as a Skin-Friction Meter, 
L. Trilling and R. J. Hakkinen. On Two Solu- 
tions of the Boundary-Layer Equations, B 
Thwaites Aehnlichkeitskennzahlen iiber die 
Stérbewegung beim Umschlag und bei Turbu- 
lenz, W. Albring. On the Flow, Heat Transfer, 
and Stability of Viscous Fluids Subject to Body 
Forces and Heated from Below in Vertical Chan 
nels, S. Ostrach. Temperatur, Zahigkeits- und 
Reibungsverhaltnisse in raschlaufenden Gleit 
lagern, B. Dizioglu. The Turbulent Boundary 
Layer with Variable Prandtl Number, E. R. 
van Driest. The Growth of the Boundary Layer 


Behind a Shock Wave, H. Guyford Stever, A 
Witmer, and W. Herrmann. Compressible 
Laminar Boundary Layer with Heat Transfer and 
Pressure Gradient, L. Crocco and C. B. Cohen. 
Aehnliche Grenzschichten an Rotationskérpern, 
T. Geis. Dreidimensionale Instabilitat der 
ebenen Staupunkstrémung gegeniiber wirbelarti- 
gen Stérungen, H. Géortler. Zur Instabilitats- 
theorie der ebenen Staupunktstrémung, G. Ham- 
merlin. Ueber die dussere Randbedingung bei 
den Grenzschichtgleichungen, H. Witting. Theo- 
retische Untersuchung iiber die Wechselwirkung 
zwischen einem einfallenden schwachen Verdich- 
tungsstoss und der laminaren Grenzschicht in 
einer Ueberschallstr6mung, E. A. Miiller. De 
termination of the Heat Transfer Properties of 
a Turbulent Boundary Layer in the Case of 
Supersonic Flow when the Temperature Distri- 
bution along the Wall is Arbitrarily Assigned, C. 
Ferrari. The Non-Steady Aerodynamic Heating 
ofa Plate, H.W.Emmons. A Difference Method 
for the Computation of the Laminar Compressible 
Boundary Layer, I. Fliigge-Lotz. Studien zum 
Umschlag laminar-turbulent der freien Konvek- 
tions-Strémung an einer senkrechten Platte, 
E. R. G. Eckert, E. Soehngen, and P. J. Schnei- 
der. The Profile Drag of Biconvex Wing Sec- 
tions at Supersonic Speeds, A. D. Young and 5S. 
Kirkby. Eine Rechenmethode fiir dreidimen 
sionale laminare Grenzschichten, R. Timman and 
J. A. Zaat. Equilibrium Turbulent Flow in a 
Slightly Divergent Channel, J. R. Ruetenik and 
S. Corrsin. Untersuchung instabiler Grenz- 
schichtschwingungen in einem Wasserkanal mit 
der Tellurmethode, F. X. Wortmann Ueber die 
Grenzschicht an der Wand einer Trichters mit 
innerer Wirbel- und Radialstroémung, K. Garbsch. 
The Sailplane as a Tool for Boundary Layer Re- 
search, A. Raspet 

Boundary Layer Effects in Aerodynamics; 
Proceedings of a Symposium Held at the National 
Physical Laboratory on March 31 and April 1, 
1955. London, Her Majesty’s Stationery Office; 
New York, British Information Services, 1955. 
108 pp., illus., diagrs. $5.40. 

Contents: (1) The Theory of Three-Dimen- 
sional Boundary Layers, R. Timman. (2) The 
Axisymmetric Boundary Layer on a Long Thin 
Cylinder, M. B. Glauert and M. J. Lighthill 
(3) On the Stability of Three-Dimensional Bound- 
ary Layers, with Application to the Flow due toa 
Rotating Disk, N. Gregory, J. T. Stuart, and W. 
S. Walker. (4) Contributions on the Mechanics 
of Boundary Layer Transition, G. B. Schubauer 
and P.S. Klebanoff. (5) The Effects of Viscosity 
on the Type of Flow on Swept Wings, D. Kiiche- 
mann. (f) Some Recent Work on Methods of 
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Boundary Layer Control, R. C. Pankhurst. (7) 
The Profile Drag of Biconvex and Double Wedge 
Wing Sections at Supersonic Speeds, A. D 
Young and S. Kirkby. (8) Interactions Between 
Shock Waves and Boundary Layers and Wakes 
D. W. Holder and G. E. Gadd. (9) Some Ef- 
fects of Shock-Induced Separation of Turbulent 
Boundary Layers in Transonic Flow Past Aero- 
foils, H. H. Pearcey 


AEROELASTICITY 


An Introduction to the Theory of Aeroelastic- 
ity. Y¥.C. Fung. New York, John Wiley & Sons, 
Inc., 1955. 490 pp., diagrs., tables. $10.50 

This work is an outgrowth of the author's 
classes on aeroelasticity given at the California 
Institute of Technology singe 1948. It is in- 
tended primarily as a textbook, but it should be 
useful also to designers and flutter engineers, for 
it gives a composite picture of various aspects of 
aeroelastic problems. Those having a rudimen- 
tary knowledge of aerodynamics and strength of 
materials should have no difficulty with the ma- 
terial. The main body of the text is divided into 
two parts. Chapters 2-11 contain a survey of 
aeroelastic problems and their historical back- 
ground, basic physical concepts, and the princi- 
ples of analysis. Chapters 12-15 contain the 
fundamentals of oscillating airfoil theory and a 
brief summary of experimental results. Since 
this is not intended to be a handbook, attention 
is directed only to the fundamentai principles 
The physical assumptions involved in the mathe- 
matical formulation of a problem are always 
emphasized so that the degree of approximation 
relative to the real physical system can be seen 
Since the author refrains from detailed discus- 
sions on such topics as flight-flutter testing, con- 
trol and stability of aircraft, swept-wing analysis, 
stochastic theory of buffeting, and applications of 
digital and analog computers, he provides the 
reader with sufficient bibliographic guidance to 
existing literature on these topics 


AERONAUTICS, GENERAL 


Fifth International Aeronautical Conference, 
Los Angeles, June 20-23, 1955. Convened by 
the Institute of the Aeronautical Sciences and the 
Royal Aeronautical Society. New York, Insti- 
tute of the Aeronautical Sciences, Inc., 1956. 
560 pp.. illus., diagrs. $15, Members; $20. Non- 
members. 

Contents: Operating Experience with Turbo- 
prop Aircraft, Peter G. Masefield. Air-Line Use 
of Elementary Statistical Methods in Aircraft 
Performance Measurement, William C. Mentzer 
and Frederick S. Nowlan. Design of High-Speed 
Aircraft, E. H. Heinemann. Design of Large 
Helicopters, Bartram Kelley. Stress Analysis 
of Multiweb Boxes, W. S. Hemp. The Inter- 
action Between Shock Waves and Boundary 
Layers, D. W. Holder. Contributions to Fluid 
Mechanics from Shock Tube Research, I. I 
Glass and G. N. Patterson. Hypersonic Flow, 
Lester Lees. On the Behavior of Boundary 
Layers at Supersonic Speeds, R. J. Monaghan. 
Some Results of the Princeton University Smoke 
Flow Visualization Program, David C. Hazen. 
Fatigue of Aircraft Pressure Cabins Perev B. 
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AERONAUTICAL ENGINEERING REVIEW 


Our engineers are sharp cookies 


who make pretty good dough... 


Kaman’s Engineering staff has already designed and developed 
the world’s first twin turbine helicopter, the first drone heli- 
copter, the rotochute and the highly successful HOK utility 
helicopter. It is now hard at work researching ringwing aircraft 
and pioneering on other highly classified projects. 


A Kaman Engineer must be technically qualified, of course, 
but he must also be able to exercise initiative and think on 
his feet. Most importantly he must have vision and be able 
to apply himself to the project assigned him. The reward for 
his intelligent hard work is a salary commensurate with ability, 
extremely pleasant working conditions among people with a 
job to do, and the satisfaction which comes from a job proudly 
and carefully accomplished in the interest of our National 
Defense. 


If you’re a sharp cookie you’ll check the position you can 
fill and return the coupon. 


KAMAN 


THE KAMAN AIRCRAFT CORP. 
. Design Drafting & Layout 
63 Old Windsor Road 
Blootiigic. Conn. Electrical Design & Layout 
Electronics 
Ant: Tyn&n,Administrative Enginee. Liaison 
Mechanical Design 
Name “NO Preliminary Design & 
SA Research 
Address Se ~ Stress Analysis 
City . f Systems Development 
State “Vs Test & Development 


Thermodynamics 


Home Phone Weights 


AUGUST, 1956 


Walker. Some Influences of Equipment Installa. 
tions and Systems on Aircraft Design, Charles F 


Joy Power Control Systems for Aircraft, John 
W. Ludwig. Jet Noise, F. B. Greatrex. Com. 
bustion for Aircraft Engines, Walter T Olson 


lLow-Consumption Turbine Engines, Adrian A 
Lombard. Inlet Duct-Engine Flow Compatibj 
ity, J. S. Alford Power Plants for Supersonic 
Flight, Eric S. Moult 


AIR TRANSPORTATION 


World Airline Record, 1955. 5th Ed. (hj 
cago, Roadcap & Associates, 1955. 500 pp 
illus., diagrs., maps, tables. $17.50 

The fourth edition of this reference volume last 
appeared in 1952. The rapid growth of air lines 
since then has seen 72 new companies added to the 
field, which has necessitated enlarging the present 
edition by 100 pages The record now contains 
269 regularly scheduled air lines in operation at 
the beginning of 1955 Each air line is analyzed 
under the following major headings: route maps 
management, operations traffic equipment 
finances, history, yearly summaries, seasonal 
charts, and balance sheets An added feature 
is the discussion of individual air-line problems 
such as competition, subsidies, and other Govern 
mental regulations 

Federal Airway Plan; Fiscal Years 1957-196]. 
U.S. Civil Aeronautics Administration. Washing. 
ton, D.C., U.S. Department of Commerce, 1955 
82 pp., diagrs., maps, tables. $1.00 


AIRPLANES 


U.S. Aviation Today, 1956. 3rd Ed. Washing 
ton, D.C., Aircraft Industries Association of 
America, 1956. 95 pp., illus., diagrs 

A review of aviation events of 1955 Most of 
the book is devoted to descriptions of current air 
craft, including photographs, diagrams, and speci 
fications 

United States Air Force and United States 
Army Aircraft, 1947-1956. James C. Fahey 
Falls Church, Va., Ships and Aircraft, 1956. 33 
pp., illus. $1.50. 

This is a companion volume to the author's 
U.S. Army Aircraft, 1908-1946 published in 1946 
The purpose is to detail the surface characteris 
tics of U.S. military planes The many photos 
are augmented by letter-and-number model 
designations and other facets of military aircraft 
nomenclature. Specific areas covered include 
Models in Inventory, Markings and Insignia 
Aircraft Engines, and Guided Missiles 

World Aircraft Recognition Manual. C. H 
Gibbs-Smith and L. E. Bradford. London, Put- 
nam; New York, John De Graff, 1956. 269 pp 
illus., diagrs $3.50. 

This is a book for model makers, plane spotters 
military personnel, and aviation hobbyists. It 
provides information and photographs for over 
240 civilian and military aircraft (including heli- 
copters) in use throughout the world. The air- 
craft have been placed into four main classes, ac- 
cording to their wing arrangement delta, swept 
straight, or rotary Biplanes have been omitted 
Within each division, types with similar visual 
characteristics—i.e., number of engines, wing 
positions, tail arrangement, etc are grouped to- 
gether. This work supersedes the author's 
Aircraft Recognition Manual It is the first ina 
series of annual editions, planned to be ready by 
February of each year 


BIBLIOGRAPHY 


Bibliographical Services Throughout the 
World; First and Second Annual Reports, 1951- 
1953. L. N. Malclés. Paris, UNESCO; New 
York, Columbia University Press, 1955. 352 pp 
$2.75. 

At its sixth session (1951), the General Confer 
ence of UNESCO provided for the preparation of 
an annual report on the development of biblio- 
graphical services. The purpose is to present an 
account of these activities in various countries 
and to formulate suggestions for the future. The 
first edition of this work has combined the first 
two reports in one volume. The approach ‘as 
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been to collect as much information as possible 
from the countries concerned and to identify 
activities, trends, or movements that are com- 
mon to all countries. Material has been com- 
piled according to geographical location. Search- 
ing is facilitated by name and subject indexes 


COMPUTERS 


Computers, Their Operation and Applications. 
Edmund Callis Berkeley and Lawrence Wain- 
right. New York, Reinhold Publishing Corpora- 
tion, 1956. 366 pp., illus., diagrs., tables 
£8.00 

This is a book for mechanical, electrical, elec 
tronic, and chemical engineers, physicists, and 
technicians. It presents the newest develop 
ments in both the techniques and equipment of 
automatic computing. All the basic elements of 
digital, analog. and miniature computers are ex- 
plained, as well as computer reliability, advan- 
tages limitations, and maintenance. One chap- 
ter is devoted to present and political applica- 
tions of computing machines in scientific labora- 
tories, Government, military installations, and 
many business markets. Other features include 
a convenient check list of computer characteris- 
tics; a bibliography for further research on the 
subject, mames, and addresses of organizations 
from whom automatic computing equipment may 
be bought or rented; and a glossary of terms 
used in automatic computing and allied fields 
The present volume is a sequel to Berkeley’s 
Giant Brains or Machines that Think, published in 
1949 by Wiley. 

Proceedings of the Second Annual Computer 
Applications Symposium, October 24-25, 1955. 
Chicago, Armour Research Foundation, Illinois 
Institute of Technology, 1956. 108 pp., illus., 
diagrs. $3.00. 

Contents: The Use of Digital Computers in 
Industry, R. F. Clippinger. A Dollar and Cents 
Approach to Electronics, John L. Marley. An 
Application of Computers to General Bookkeep- 
ing, W. F. Otterstrom. User Experiences and 
Applications of the ERA 1103, George E. Clark. 
Automobile Selective Underwriting and Auto- 
matic Rating on the IBM 650, C. A. Marquardt 
Cutting Costs with Linear Programming, Jacob 
E. Bearman. Probability Forecasts in Manage- 
ment Decisions, Stanley Reiter. Use of the IBM 
650 in Scientific Computations, A. W. Wymore 
Engineering Applications of Large Scale Compu 
ters, C. B. Ludwig. High Speed Computation of 
Engine Performance, J. T. Horner. Pyrolysis 
Reactor Design Computations, H. C. Schutt and 
R. H. Snow. Aircraft Flight Test Data Process- 
ing, T. M. Bellan. Programming a Monte 
Carlo Problem, J. F. Hall and J. M. Cook 


ELECTRONICS 


Aeronautical Electronics, 1956; Proceedings 
of the National Conference on Aeronautical 
Electronics, Dayton, Ohio, May 14-16, 1956 
Sponsored by Institute of Radio Engineers, Day- 
ton Section, and the Professional Group on Aero- 
nautical and Navigational Electronics. Publica- 
tions Committee, National Conference on Aero- 
nautical Electronics, P.O. Box 621, Far Hills 
Branch, Dayton 9, Ohio, 1956. 663 pp., illus., 
diagrs., tables. $4.00. 

A collection of 102 papers presented at the con- 
ference. The following various aspects of the 
subject are dealt with: magnetics, components, 
semiconductors, circuits, management, environ- 
ment, electron tubes, testing and test equipment, 
computers, semiconductor circuits, antennas, 
human engineering, radio interference and R-F 
cables, and analysis techniques. 

Transistors I. Radio Corporation of America. 
Princeton, N.J., RCA Laboratories, 1956. 676 
pp., illus., diagrs. $4.50. 

A selection of papers describing research and 
development work of RCA as it applies to the 
theory, fabrication, and application of transistors. 
Transistors I is intended to include semiconductor 
diodes. Although ten of the 41 papers have ap- 
peared previously in various periodicals, 31 have 
never been published before. The material has 


BOOKS 


been arranged in six broad sections: General, 
Materials and Techniques, Devices, Fluctuation 
Noise, Test and Measurement Equipment, and 
Applications. Each paper contains, whenever 
necessary, bibliographical footnotes and a sum- 
mary preceding the article. The usefulness of 
the volume is considerably enhanced by a con- 
cluding section containing abstracts of another 
46 RCA articles which appear in various publica- 
tions. 


ENGINEERING 


Proceedings, Second General Assembly, En- 
gineers Joint Council, New York, January 26-27, 
1956. New York, Engineers Joint Council, 
1956. 68 pp., diagrs., tables. $1.00. 

Contents include a discussion of the Reserve 
Forces Act of 1955; 8 papers on various methods 
for extending engineering manpower by utilizing 
balanced teams of engineers and engineering 
technicians; a view of the engineer’s growth pat- 
tern as seen by the college, the employee, and the 
employer; and a review of the engineering as- 
pects of the Hoover Commission reports 


FLUID FLOW 


Fluid Flow in Practice. Edited by J. R. Cad- 
dell. New York, Reinhold Publishing Corpora- 
tion, 1956. 119 pp., illus., diagrs. $3.00. 

A collection of seven papers originally presented 
at the third ‘‘Experience in Industry’’ Symposium 
held in Philadelphia in May, 1955, under the aus- 
pices of the Philadelphia-Wilmington Section of 
the American Institute of Chemical Engineers 
and the Department of Chemical Engineering of 
the University of Pennsylvania. The material 
is restricted to the flow of liquids, including slur- 
ries, in pipe lines and pumps and to simple appli- 
cations for gases. 

Contents: (1) Review of Basic Relationships, 
William E. Ranz. (2) Planning New Piping 
Systems, Stanley A. Gertz. (3) Which Valve 
and Why, Otto Kneisel. (4) Which Pump and 
Why, Charles J. B. Mitchell. (5) Which Flow 
Meter and Why, Louis Gess. (6) Operation and 
Maintenance of Fluid Flow Equipment, Norton 
H. Walton. (7) Trends in Research, Alan S. 
Foust. 


MANPOWER 


Scientific Personnel Resources. National Sci 
ence Foundation. Washington, D.C., USS. 
Government Printing Office, 1955. 86 pp., 
diagrs., tables. $0.50. 

The National Science Foundation Act of 1950 
provides, in part, that the Foundation establish 
a control clearing house for information on scien- 
tific and technical personnel. This report repre- 
sents the first step-—a summarization of some of 
the data, illustrated with twelve charts and 187 
tables. 

Contents: (1) Introduction. (2) The Growth 
of Science and Technology. (3) The Supply and 
Utilization of Scientists and Engineers. (4) 
The Professional Characteristics and Employ- 
ment of Scientists and Engineers. (5) The 
Educational System, and the Training of Scien- 
tists and Engineers. Appendix: Organizations 
Engaged in the Collection of Scientific Personnel 
Information. Bibliography. 


MATERIALS 


Proceedings of the Colloquium on Fatigue, 
Stockholm, May 25-27, 1955. Organized for the 
International Union of Theoretical and Applied 
Mechanics (IUTAM), by the Swedish National 
Committee for Mechanics; Held at the Royal 
Institute of Technology. Edited by Waloddi 
Weibull and Folke K. G. Odgqvist. Berlin, 
Springer-Verlag, 1956. 434 pp., diagrs., tables. 
DM 46.50. 

Contents: Etude Critique de la Notion de 
Dommage Appliquée a une Classe Etendue 
d’Essais de Fatigue, F. Bastenaire. Essais de 
Fatigue Statistiques Suivant la Méthode de 
Charge Progressive, F. Bastenaire, R. Cazaud, and 
M. Weisz. Contribution a 1l’Etude de la Fatigue 
des Matériaux avec Essais 4 Charge Progressive, 
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A. Ferro and U. Rossetti. Theories Relating to 
Fatigue of Materials under Combinations of 
Stress, W. N. Findley. Effect of Simultaneous 
Cyclic Variation of Stress and Temperature on a 
High Temperature Material, A. Fransson. 
Physical and Statistical Aspects of Cumulative 
Damage, A. M. Freudenthal. Ermiidungsfes- 
tigkeit bei statistisch veranderlichen Span- 
nungsamplituden, E. Gassner. New Statistical 
Methods Applied to the Analysis of Fatigue Data, 
F. Gatto. Ueber Verformungerscheinungen in 
Stahlen bei der Wechselbeanspruchung, M. 
Hempel. The Effect of High Loads on Fatigue, 
R. B. Heywood Modifications de Texture 
Cristalline Produites par des Efforts Alternés, 
R. Jacquesson. Fatigue of Steels at Constant 
Strain Amplitude and Elevated Temperature, 
A. Johansson. Une Définition Théorique de la 
Limite de Fatigue, A. Kammerer. Effect of 
Geometric Size on Notch Fatigue, P. Kuhn 
Les Travaux Récents de I'Institute de Recherches 
Métallurgiques de Sarrebruck dans le Domaine 
de la Fatigue, P. Laurent. Ejinige Versuche 
iiber die Vorgiange in der Oberflachenschicht 
von Ermiingsproben, O. Lissner. Essais de 
Fatigue par Flexion avec Fréquences Superposées, 
L. Locati. Ziele der Ermiidungsforschung in 
der Schweiz, gezeigt am Beispiel von Dauerver- 
suchen an Schraubenverbindungen, L. Martin- 
aglia. Variability in Fatigue Testing: Sources 
and Effect of Notch Sensitivity, F. A. McClintock. 
Ueber den Mechanismus der Zerstérung bei der 
zyklischen Belastung von Metallen, I. A. Oding 
Torsion and Tension Relations for Slip and 
Fatigue, R. E. Peterson. Einige Besonderheiten 
der Kontaktermiidung, A. I. Petrussewitsch. 
Some Observations on the Propagation of Fatigue 
Cracks, C. E. Phillips. Some Investigations on 
Cumulative Damage, F. J. Plantema. A Guide 
to Statistical Methods for Use in Fatigue Testing, 
J. T. Ransom. Die durch grosse Zug- und 
Druckermiidungsbelastungen hervorgebrachte 
mechanische Hysterese in Stahlen, J. Salokangas. 
Der Mechanismus des Dauerbruchs metallischer 
Werkstoffe, C. Schaub and W. Lietdtke. A Pro- 
posed Mechanism of Fatigue Failure, F. R. 
Shanley. Recent Researches on Fatigue at the 
Mechanical Engineering Research Laboratory, 
East Kildride, D. G. Sopwith. Experimental 
Design and Methods of Analysis Used in Studying 
Effects of Metallurgical Variation on Fatigue, 
R. J. Taylor. A Contribution to the Theory 
of the Fatigue of Metals, G. V. Uzhik. Basic 
Aspects of Fatigue, W. Weibull. Ausscheidungs- 
vorgange in Stahlen bei ruhender und wech- 
selnder Beanspruchung, F. Wever. Bending 
Fatigue of Large Welded Test Pieces with Re- 
gard to Velocity of Crack Propagation, P. E. 
Wiene. Cumulative Damage of Fatigue, E. W. 
C. Wilkins. Subject Index. 

Creep and Fracture of Metals at High Tempera- 
tures; Proceedings of a Symposium Held at the 
National Physical Laboratory, May 31-June 2, 
1954. London, Her Majesty’s Stationery Office; 
New York, British Information Services, 1956. 
419 pp., illus., diagrs., tables. $5.60. 

Contents: Introductory Paper, N. P. Allen. 
Section I, Deformation Processes in Simple 
Materials. A Discussion of Some Models of the 
Rate-Determining Process in Creep, N. F. Mott. 
Plastic Deformation of Aluminium Single Crystals 
at Elevated Temperatures, R. D. Johnson, A. P. 
Young, and A. D. Schwope. Mechanism of Grain 
Boundary Displacement and Its Relation to the 
Creep Process as a Whole, F. N. Rhines. Creep 
Processes, W. A. Wood. Interaction between 
Crystal Slip and Grain Boundary Sliding during 
Creep, D. McLean. Some Fundamental Ex- 
periments on High-Temperature Creep, J. E. 
Dorn. Section II, Creep Resistance of Complex 
Materials. Creep and Ageing Effects in Solid 
Solutions, A. H. Cottrell. Microstructure and 
Creep, J. W. Freeman and C. L. Corey. The 
Effect of Alloying on the Creep of Metals, L. 
Rotherham and C. R. Tottle. Basic Principles 
of a Creep Resisting Alloy, A. Constant and C. 
Delbart. Creep of Solid Solutions and Com- 
pounds in Metallic Systems, I. I. Kornilov. The 
Effect of Changing Loads during Creep, Y. N. 
Rabotnov. Section III, Theory of Fracture. An 
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Approach to the Problem of Intercrystalline 
Fracture, R. Eborall. Theory of Accelerated 
Creep and Rupture, C. Crussard and J. Friedel 
A Theory of Brittle and Ductile Fracture, with 
Application to Creep Fracture, Based on the 
Dynamic Behaviour of Dislocations and Conden 
sation of Vacancies, A. Kochendorfer. Section 
IV, Work on Tertiary Creep and Fracture. Ob- 
servations on Third-State Creep and Fracture 
C. H. M. Jenkins 
SOA, W Grain Boundary Partici 
pation in Creep Deformation and Fracture, N. J 
Grant 
Intercrystalline Fractures in Various Steels under 
Tri-Axial Stress, W. Siegfried. Note on the Frac 
ture under Complex Stress Creep Conditions of 
an 0.5°%-Molybdenum Steel at 550°C and a Com 
mercially Pure Copper at 250°C, A. E. Johnson 
and N. E. Frost The Effect of a *‘V’’ Notch 
on the Tensile Creep Behaviour of Molybdenum 
Vanadium Steel, R. W. Ridley and H. J. Tapsell 

Symposium on Basic Effects of Environment 
on the Strength, Scaling, and Embrittlement of 
Metals at High Temperatures, Cincinnati, Feb 
ruary 2, 1955. (ASTM Special Technical Publi 
cation No. 171.) 


Tertiary Creep of Nimonic 
Betteridge 


Investigation into the Development of 


Philadelphia, American So 
ciety for Testing Materials, 1956 
diagrs., tables. $2.75. 

Contents: The Role of Thin Surface Films in 
the Deformation of Metal Monocrystals, John J 
Gilman. Structure of Oxides Formed on High- 
Temperature Alloys at 1500°F, John F. Rada 
vich. Effect of Strain on the Oxidation of Nickel- 
Chromium Heater Alloys, Earl A. Gulbransen 
and Kenneth F. Andrew. 
Intergranular Oxidation in Type 310 Stainless 
Steel, R. E. Keith, C. A. Siebert, and M. J. Sin 
not. The 
Seales Formed on Molybdenum-Base Alloys at 
Elevated Temperatures, M. Gleiser, W. L. Lar 
sen, R. Speiser, and J. W. Spretnak. Oxidation 
at Elevated Temperatures, John F. Radavich 

Proceedings of the Second International Con- 
gress on Rheology, Oxford, July 26-31, 1953. 
Edited by V. G. W. Harrison. London, Butter- 
worths Scientific Publications; New York, Aca- 


114 pp., illus 


An Investigation of 


Properties of Oxidation-Resistant 


demic Press, Inc., 1954. 451 pp., illus., diagrs., 
tables. $10. 

This book consists of 55 papers read at the con 
ference together with the material presented dur- 
ing discussions stemming from the papers. The 
aim of the conference was to cover the extended 
field of the ‘study of the deformation and flow 
Nearly half 
the papers deal with the rheological properties 
A small 
section is concerned with problems of lubrica 


of matter’’ as widely as possible 
of plastics and high polymers generally 


tion, and the remainder consider such diverse 
materials as clays, metals, diamonds, greases 
and protoplasm. The book contains a subject 
index 

ASTM Standards on Light Metals and Alloys; 
Aluminum and Aluminum Alloys, Cast and 
Wrought Magnesium and Magnesium Alloys, 
Cast and Wrought Methods of Testing Light 
Metals. Philadelphia, American Society for 
Testing Materials, 1956. 277 pp 
tables. $3.50 


The standards include ingots 


diagrs 


castings, bars 
rods, wire, forgings, pipe and tube, sheet and 
plate, wrought products for electrical purposes 
filler metal, electroplating, general methods of 
test, and the ASTM codification system for light 
metals and alloys 

Materials of Construction; Their Manufac 
ture and Properties. Adelbert P. Mills. 6th 
Ed. Harrison W. Hayward and Lloyd F. Rader, 
Editors. New York, John Wiley & Sons, Inc., 
1955. 650 pp., illus., diagrs., tables. $7.50 

A thoroughly revised work that is expanded 
15 per cent over the fifth edition which appeared 
in 1939. The book is designed for the use of engi 
neers and students and consists mainly of a de 


tailed treatment of specific materials of construc- 
tion. Industrial as well as structural applica 
tions of the materials are given Additions in 
clude new sections on acoustical materials, min 
eral aggregates, and laminates and adhesives 
Index to ASTM Standards, 1955; Including 
List of Titles in Numeric Sequence of All ASTM 
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Serial D American 


ations Philadelphia 
ng Materials, 1956. 216 pp 
The Mechanical Properties of Wrought Phos- 

phor Bronze Alloys. G. R. Gohn, J. P. Guerard 


Society for T 


and H. S. Freynik ASTM Special Technical 
Publication N 183.) Philadelphia, American 
Society for Testing Materials, 1956 114 pp 
diagrs 

This paper ws the effect of cold-working on 


the mechar roperties of a series of eight 


phosphor ulloys in two conditions in the 
form of cx i strip with varying tin content 
from 0.5 to 10 percent. Electrolytic tough pitch 
copper str arly treated is included to pro 
vide a ba iluating the effectiveness of the 


tin additior 


MATHEMATICS 


Introduction to the Theory of Groups of Finite 


Order. Robert D. Carmichael. New York 
Dover Publications, Inc., 1956. 447 pp. $2.00 

A reprint of the 1937 edition In explaining 
the theory of groups, fundamental theorems and 
their application are examined. Connections 
are also establish between the theory of finite 


groups and oth ijomains of classical and modern 


mathematic 


MILITARY AVIATION 


The Air Force: A Panorama of the Nation’s 
Arnold Brophy. New York 


Youngest Serv 


Gilbert Press, In distributed by Julian Mess 
ner, Inc., 195¢t f2 pp. $5.00 
A factual and interpretive account of the U.S 


Air Force—its inception, development, and cur 


rent status he author, staff writer for News 
day, has visited air bases around the world to 
gather a great deal of detailed information. All 


the comma the U.S. Air Force are de 


scribed—-their functions, the planes and equip 


ment they use, their commanders. Background 
is given on the importance and problems of the 
aircraft industry There is a detailed subject 
index 


MISSILES 


Rockets and Guided Missiles. John Hum 


phries. New York, The Macmillan Company 


1956 229 py lus., tables. $6.00 

This volume is for the most part a nonmathe- 
matical introduction to rocket motors and their 
application articularly in the field of guided 
missiles Both solid and liquid propellant mo 


tors are discus with main emphasis given to 


the general pre ms encountered in developing 


s and units 


reliable compor Reference is 


made to specific prototype and production mis 


siles stemming from the late war, but the book is 
not intended t erve as a compilation of all 
types of rockets and missiles. A comprehensive 
bibliography is included which is up to date as of 
September, 195 

Contents Introduction and History. Solid 


Propellant Rocket Motors. Liquid Propellants 
Motors—Components 


Propellant Motor Units 


Liquid Propellant Liquid 
Testing Motors and 
Liquid Propellants Missiles—-General and 
Guidance \Lissiles —Aerodynamics Short 
Range Aerody: 


listic Missil 


cs Missiles. Long-Range Bal 


Research Missiles and Missile 


Testing Air Propulsion Miscellaneous 
Rocket Ap ations The Future—Nuclear 
Energy—Space I ht 


The Men Behind the Space Rockets. Heinz 
Gartmann franslated from the German 


Trdumer Konstrukteure, by Eustace 


Wareing and M rel Glenny.) New York, David 
McKay Compar Inc., 1956. 185 pp., illus 
$3.95 


This book « 1s a group of biographies with 


a central tl 


t describes the lives and work 
from Ganswindt in the 1880's 
to von Braun of today, who have devoted them 


of pioneer sc 


selves to the great ideal of the conquest of space 
yanswindt and the Birth of a 


kovski—the Pioneer School 


Contents 
Theory 2 I's 


master of Kaluga 3) Goddard and the De 


AUGUST, 


velopment of the Rocket in America 4) Oberth 

the ‘‘Grand Old Man” of Rockets 9) Valier 
and the Last of the Individualists 6) Sanger 
and the Modern Epoch of Technology 7 


Zborowski and the Forcing-House of War 8 
Wernher von Braun and the Long-Range Rockets 
9) The Future of the Rocket Index of Names 

Missile Progress Handbook. Washington 
D.C American Aviation Publications, 195+ 
66 pp., illus., diagrs., tables. $2.00 

A selection of 18 articles about pilotles weap 
ons, reproduced from the engineering-develop 
ment issues (1954 and 1955) of Ame In Att 
Two of the articles deal 
Soviet position in the field 


tion Magazine with the 


NUCLEAR ENERGY 


Conference of the Academy of Sciences of the 
USSR on the Peaceful Uses of Atomic Energy, 
July 1-5, 1955. U.S. Atomic Energy Commis 
sion. In English translation by Consultants 
Bureau. Washington, D.C., U.S. Government 
Printing Office, 1956. Vol. 1, 259 pp., $1.25 
Vol. 2, 197 pp., $1.00; Vol. 3, 214 pp., $1.00 
Vol. 4, 193 pp., $1.00. 

The proceedings of this conference were pub 
lished in the original Russian in five volumes 
For convenience of format, reports to the Plen 
ary Session are included in the appropriate vol 
umes in this translation, thus reducing the 
English edition to four volumes 

Contents: Vol. 1, Physical and Mathematical 


Sciences (23 papers). Vol. 2, Biological Science 

21 papers). Vol. 3, Chemical Science (19 

papers). Vol. 4, Technical Science (18 papers 
PRODUCTION 


Aircraft Production Methods. Gordon B 
Ashmead. Philadelphia, Chilton Company, 1956 
293 pp., illus. $7.50 

Many of the important production techniques 
are collected and described in this manual 
The production process is followed from the 
blueprint stage to the inspection of the finished 
product. This predominantly pictorial presen 
tation is highlighted by 300 photographs. The 
author at present is Technical Editor for Douglas 
Aircraft Company, Inc. 


Contents (1) Introduction to Aircraft Pro 
duction. (2) The Master Plaster Pattern and 
Foundry. (3) Sheet Metal Preparation 4) 


Sheet Metal Forming—-The Drop Hammer, etc 
5) Sheet Metal Forming—The Draw Press 


etc. (6) Sheet Metal Forming—Bending Rolls 
etc. (7) Sheet Metal Forming—-The Guerin 
Process, etc (8) Sheet Metal Forming—The 
Verson-Wheelon Press 9) Heat Treatment 
10) Surface Treatment 11) Tooling for Pro 
duction with Plastics 12) Optical Tooling 
(13) Assembly Tooling 14) Welding 15 
Machining—The Machine Shop 1) Machin 


ing—Duplicating. etc 7) Machining——Spar 


Milling, etc (18) Machining—Carhide Cutter 


Manufacture, etc (19) Machining —Chemical 
Milling 20) Exhaust Stack Line 21) Landing 
Gear 22) Plastics 23) Inspection 24 
Summary 


Applied Automation. Edited by James R 
Custer. Philadelphia, Chilton Company, 1956 
236 pp., illus., diagrs. %7.50 

This book contains a review of important auto 
mation applications in automotive and aircraft 
production. The text consists of 75 selected 
articles which have been published during the 
past 4 years on that subject in Automotive 
Industries. Over 101 specific applications of 
automation are covered in a wide range of opera- 
tions that include machining, stamping, weld 
ing, forging, heat treating, plating, painting 
inspection, testing, and assembling 

1956 Middle Atlantic Conference, Transactions. 
Sponsored by the Middle Atlantic Sections & Air 
craft Division of the American Society for Qual 
ity Control, February 10 and 11, 1956, Washing 
ton, D.C. New York 
Quality Control, 1956. 253 pp., illus 
tables. $2.50 
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it takes more 
than ability 
for an engineer to 


achieve promotion 


To Engineers 

Who Lack Aircraft Experience: 
Aircraft experience is not necessary 

to join Lockheed. It’s your engineering 
training and experience that count. 
Lockheed trains you for aircraft 
engineering—at full pay. 


Advanced education program for engineers 


You can expand your technical 
knowledge and achieve advanced 
degrees through a variety of Lockheed- 
sponsored university programs that 
cost you little or nothing. 


Lockheed 


AIRCRAFT CORPORATION 
California Division 
BURBANK, CALIFORNIA 


Promotion for Engineers 


It also takes opportunity for promotion. There must be room 

for a man to move up. 

If your career progress has been held back by lack of promotional 
opportunity, we think you will be interested in Lockheed 
diversification. Forty to fifty major projects are in progress 
continuously. Commercial and military activities span 

virtually the entire spectrum of aeronautical endeavor. 


There is plenty of room to move up at Lockheed, simply because 
there are more supervisory positions to be filled with so many 
projects constantly in motion. 


It’s worth discussing. Why not write or phone collect, if you 
possess an engineering degree or actual engineering experience. 


Address written inquiries to E. W. Des Lauriers or use the 
coupon below. If you phone, call STanley 7-1241, Extension 6-2134. 


Positions are open on virtually all levels in fields of: 


AERODYNAMICS DESIGN 
FLIGHT TEST ENGINEERING in controls, electrical, hydraulics, 
mechanical, power plant and 


MATHEMATICAL ANALYSIS 
structures areas 


OPERATIONS RESEARCH 
ELECTRONIC SYSTEMS 


STRUCTURES 

in communications, counter- 
THERMODYNAMICS measures, fire control, navigation, 
WEIGHT radar and antenna design 


E. W. Des Lauriers, Dept. PE-5-8 
Lockheed Aircraft Corporation, Burbank, California 


Dear Sir: Please send me your brochure detailing life and work at 
Lockheed. 


Name“{;, 


If you are an engineer, pléase state your field of engineering 


Home street address 


City and State Home’phone 


i Tooling 
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...at Convair-Pomona the country’s 
first exclusive guided missile plant. 
Here in the heart of America’s tremen- 
dously fast growing Electronics indus- 
try, we at Convair are engineering 
for tomorrow today! The engineer- 
ing miracles now being developed 
for America’s defense in the design 
and manufacture of guided mis- 


siles is the groundwork for the 
fantastic future in store for 
America tomorrow through 
electronic engineering. Join 
the Convair team now, work 

in America’s finest engineer- 
ing facility. Completely 
modern... Completely air 
conditioned. 


Excellent opportunities 
now available in: 


ELECTRONICS 
AERODYNAMICS 
DYNAMICS 
THERMODYNAMICS 
OPERATIONS RESEARCH 
HYDRAULICS 
MECHANICAL DESIGN 
LABORATORY TEST 
ENGINEERING 


Generous travel allowance to 
Engineers who are accepted. 
Write now- enclosing a 
complete resume to: 


Employment Department 3-N 


EERING REVIEW 


CONVAIR 


- A DIVISION OF 


GENERAL DYNAMICS 


CORPORATION 


POMONA 


CALIFORNIA 


A 


- A 


UNSUST,- 19546 


Contents: Quality Control Laboratory 
Through Production, D. G. Meckley. Use g 
Audio and Visual Aid in Improving Quality 
Simon Collier. Continuous Sampling : 
tion, R. L. Storer 


Inspec 
Statistical vs. Psychologica 
Bias in Consumer Taste Preference Research 
James A. Bayton. Quality Control, More than, 
Paper Empire, Ralph D. Humphries. Some Ay 
plications of Standard Chi Square, Harry E 
Robbins. Work Sampling Technique, J. V. An 
derson. Statistical Technique n the Office 
William F. Buhl. Sampling Applied to Account 
ing Problems, E. T. Magruder. Some Comments 
on Process Capability Studies, Acheson J. Dyn 
can. Impressions of Quality Control in Japan 
J. M. Juran. Use of Statistical Techniques jp 
European Countries, M. E. King rhe Use o 
Sensory Test Panels in Process Quality Control 
\ Kramer Process Control Through Fre 
quency Distributions, F. C. Schulze lhe Train 
ing of Engineering Personnel for Statistical Qual 
ity Control, J. H. Davidson 
Physical Sciences, William R. Pabst, Jr. Quality 
Control at Work in Airline Accounting, Winston 
G. Dalleck 
May Two Approaches to Quality Contro 


Statistics in the 


Techniques for Training, F. BR 
rraining, A. C. Rosander. Concepts of Specifi 
cations, Ellis R. Ott fhe Control Chart 
Modifications and Extensions, Enoch B. Ferrell 
Production and Inventory Control Practices and 
Problems, Charles C. Holt Quality Control 
for Short Runs, Allin P. Deacon. Quality Con 
trol Philosophy—-Government Versus Private 
Industry, Carl D. Larson 
Plan, F. B. McCann 
ations Research, John H Roseboom Serap 
and Rework Costs Made Understandable for 
Production Departments, J. LL. Coburn. Ad- 


A Quality Control 
Quality Control and Oper 


vantages and Limitations of the Use of the Range 
Landis S. Gephart. The Variables in Reliabil 
ity -Our Short Suit. R. J. Hendrickson 


RESEARCH 


Fortieth Annual Report of the National Advi- 
sory Committee for Aeronautics, 1954; Adminis- 
trative Report Including Technical Reports 
Washington, D.C., 
Office, 1956. 1,216 pp., illus.. diagrs., tables 
$8.50 


U.S. Government Printing 


Contents: Part I, Technical Activities. The 
NACA— What It Js and How It Operates. Prog 
ress in Supersonic Era Requires Intense Effort 
Aerodynamics Power Plants for Aircraft. Air 
craft Construction. Operating Problems. Re 
search Publications. Part II, Committee Or 
ganization and Membership. Part III, Financial 
Report Part IV, Technical Reports Nos. 1158 
1209. 

Industrial Research Laboratories of the United 
States. 10th Ed. (Publication 379 Washing 
ton, D.C., National Academy of Sciences 
National Research Council, 1956 560 pp. $10 

This edition contains information on 4,854 
laboratories in 4,060 companie All Govern 
ment laboratories, including those operated by 
private contractors, and some testing labora 
tories have been excluded Laboratories are 
listed alphabetically For each one there is 4 
brief résumé that includes address, president 
personnel, and nature of research activities 
There is a subject index and an index giving the 
geographical distribution of laboratories 

Aeronautical Research Council: Review for 
the Years 1949-1954. Ministry of Supply 
London, Her Majesty’s Stationery Office; New 
York, British Information Services, 1955. 33 pp 
$0.90 

A summary of the Council's activities im aer 
dynamics, propulsion, and mechanics. A mis 
cellaneous grouping is used to outline events 10 
the fields of civil aircraft, naval aircraft, hel 
copters, seaplanes, gusts, and publication 

Scientific Research in British Universities, 
1954-1955. 


dustrial 


Department of Scientific and In 
Research. London Her Majesty § 
Stationery Office; New York, British Information 
Services, 1955. 572 pp. $2.36 
The object of this volume is to provide brie! 


notes outlining the scientific research being 
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Supersonic jet inlet: 


This Boeing-Wichita engineer is check- 
ing the installation of a model supersonic 
engine inlet design prior to wind tunnel 
testing at M.I.T. Data on engine inlet 
performance at high Mach numbers ob- 
tained from such tests is now being 
applied to the design of future supersonic 
airplanes. This is just one example of 
Boeing-Wichita’s continuing develop 
ment of advanced aircraft and associated 
system components. 

Wichita engineers find unparalleled 
opportunities for creative effort in ad- 
vanced fields, and have the finest research 
and development facilities in the United 
States at their disposal. Boeing-Wichita’s 
own laboratory space has been increased 
400%, and many other new engineering 
facilities have been added to keep pace 
with increasing emphasis on technical 
development. 


an example of Boeing-Wichita research 


At the company’s Seattle and Wichita 
plants, the increased scope and magni- 
tude of this development effort is creating 
additional and excellent career opportu- 
nities for aeronautical engineers. There 
are stimulating career openings for Boeing 
aeronautical engineers in structural and 
flight testing, rocket, ram jet and nuclear 
propulsion, wind tunnel design, aerody- 
namic design, and other specialties re- 
lating to the high-performance airplanes 
and guided missiles of the future. Boeing 
aeronautical engineers work in tight-knit 
teams, with plenty of room for self- 
expression and recognition. 

Recognition of professional growth is 
coupled with career stability at Boeing. 
During the past 10 years the number of 
engineers employed by Boeing has quad- 
rupled. They enjoy a most liberal retire- 
ment plan. How would you like a 


satisfying, creative job with the pick of 
the engineering profession? There may 
be one waiting for you in the progressive 
communities of Wichita or Seattle. 


R. J.B. HOFFMAN, Administrative Engineer 
¢ Boeing Airplane Co., Dept. A-54, Wichita; Kansas 


JOHN C. SANDERS, Staff Engineer — Personnel 
Soci Airplane Co., Dept. A-54, Seattle 24, Wash. 


you want further information on the advan- 
tageXef a a*o@reer with Boeing, please send coupon 
to eitherof the above addresses. 

Name 


College(s) vA Degree(s) Year(s)__ 
Address % 


City State 


Telephone number “Ge 


BOEING 


Aviation leadership since 1916 
SEATTLE, WASHINGTON WICHITA, KAN 
MELBOURNE, FLORIDA 


- 
Wes 
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undertaken in British universities and university 
colleges during the 1954-1955 session. The entries 


are arranged in alphabetical order according to 


university Within this grouping, material is 
alphabetically listed according to subject 
Finally, within the subject groups, staff members 
are listed with a description of the research in 
which each is engaged Alphabetical indexes of 
the research workers and subjects are included 

A Brief Review of Science and Technology in 
Western Germany. Compiled by K. H. Lauder 
Department of Scientific and Industrial Research 
London, Her Majesty's Stationery Office; New 
York, British Intormation Services, 1955 103 
pp $0.72 

This is a summary of the events and accomplish 
ments which have led to the resurgence of West 
ern Germany in science and technology since the 
end of World War I1 
Attaché at the British Embassy 


The compiler is Scientific 
n the German 
Federal Republic. The major portion of the re 


port gives synopses of the latest research under 
takings and the organizations involved in the 
following areas physical sciences and technol- 
ogy, electrical engineering and electronics, engi 
neering, chemical sciences and technology, met 
als, biological and medical sciences, agriculture 
and forestry, and productivity in industry Be 
sides a list of the universities and colleges of 
technology of Western Berlin and Western Ger 
many, the book contains seven appendixes 1) 
List of Sponsored Research (Germany) Reports 
2) Organizations Mentioned in the Review (3) 
Member Organizations of the Deutsche Forsch 
ungsgemeinschaft 4) Institutes of the Max 
Planck-Gessellschaft (5) Member Organiza 
tions of the Deutscher Verband technischewissen 
schaftlicher Vereine, Diisseldorf 6) Member 
Organizations of the Arbeitsgemeinschaft indus 
7) Allo 
cation of Funds by the Forschungsgemeinschaft 

Essentials in Problem Solving. Zuce Kogan. 
2nd Ed. New York, Arco Publishing Co., Inc., 
1956. 119 pp., diagrs. $3.00 


trieller Forschungsvereinigungen e.V 


The author proposes a method for problem solv 
ing which involves the formulation, adoption 
and utilization of ‘‘approaches.”’ These 
proaches”’ are a set of general solutions to be ap 
plied to specific problems in science, technology 
and human relations 


ROTATING WING AIRCRAFT 


Proceedings of the Twelfth Annual! National 
Forum, Washington, May 2-5, 1956. New York 
American Helicopter Society. Inc., 1956 100 
pp., illus., diagrs., tables. $4.25 

Contents Design Highlights of Lycoming’s 
XT-53 Gas Turbine, Anselm Franz Fatigue 
Strength of Structures Having Bolted Connec 
tions, Leonard A, Goran The T58 A New 
Heritage for Helicopter Powerplants, Harold T 
Hokanson A Study in Rotor Mechanics, Bar 
Development of the XV-3 Con 
ertiplane, Robert L. Lichten and John R. Mer 
tens. The Rotor Acceleration Technique for 


tram Kelley 


Kelicopter ‘I Jet Engine Performance, Ray 
mond N. Lock od. Comments on Helicopter 
Design and Test Requirements, Robert E. Lynn 
Experimenta estigation of Compressibility 
Effects on Helicopter Rotor Having NACA 
632-015 Air Sect 
J Carpenter Helicopter Instrument Flight 
Bohling A Discus 


on, James P. Shivers and Paul 


Operations, Raymond F 


sion of the Problems in the Selection and Develop 
ment of M Helicopter Pilots, William H 
Coffee. Helicopter and Fixed Wing Separation 
Standards Howard Higgins Notes on Steep 


Instrument Approaches in a Helicopter, John P 


Reeder and James B. Whitten. Factors Affecting 


Utilization of Utility and Light Transport Air 
craft (Fixed and Rotary Wing), George Gaffney 
Operating Efficiency of Verti-craft in Amphibious 
Operations, W am MacLean. Why No More 
Helicopter Su James S. Ricklefs. Naviga 
tional Problems with Helicopters, Robert I 
Suggs 

The following two papers, given at the Forum 
were not available for inclusion in the volume at 
publication time Some Aspects of Helicopter 


‘light Testing. W. G. Jennings; and The Use of 


Helicopters as 1 Claude T. Brown 


SPACE TRAVEL 


The Exploration of Mars. Willy Ley and 
Wernher von Braun New York, The Viking 


Press, 195¢f 17¢ p., illus., diagrs. $4.95 
This ‘‘guidebook to Mars”’ includes chapters 
on trajectories and orbits and on the human 
aspects of space travel. The text is supple 
mented by a Mars bibliography, tables. diagrams 


historical and modern maps, and reproductions 


of paintings by Chesley Bonestell portraying 


the “voyage the Martian landscape 


STRUCTURES 

Stresses in Aircraft and Shell Structures. 
Paul Kuhn New York, McGraw-Hill Book 
Co., Inc., 195¢ 135 pp., diagrs., tables. $14 

Correlating much of the research work in the 
field which has previously been available only 
in the form of original papers, this book is an 
outgrowth of rk done in the Structures Re 
search Division the NACA. The author is 
Assistant Chief this Division The work is 
both a treat rracticing engineers in the 
field of aircraft structures and a reference text 
for senior elect > and graduate courses in the 
subject The ems discussed i ude stresses 
due to bending x beams (the so-called shear 
lag problem in the general sense), stresses due to 


torsion with restrained warping, and stress around 
cutouts rhe 


lurge number 


half of the book presents a 


mparisons between tests and 


calculations herever possible, the analysis i 


divided into ementary and an advanced 


part rhe elen part is generally handled 
by automatic computers and is therefore not 
treated in deta For the advanced parts 


methods are 1 which are simple enough 


not to require large-scale automatic computation 
Contents 1) Preliminary Topics 2) Ele 
mentary Theories (3) Diagonal Tensior 4 
Shear Lag 5) Two-Spar Structures 6) Four. 
Flange Shells under Torsion (with Restrained 
Warping). (7) Multistringer Single-Cell Shells 
under Torsion with Restrained W arping 
8) Cutouts in Plane Panels and Box Beams 
9%) Cutouts in Circular Cylinders LO) Tests 
and Their Evaluation 11 Verification of 
Elementary Theories 12 Diagonal-Tension 
rests 13) Shear-Lag Tests 14 lorsion- 


Box Tests 15) Cutout Tests 


VERTICAL TAKE-OFF AIRCRAFT 


Safety Through Steep Gradient Aircraft: 
Supplement to the 1955 Survey; Reviewing the 
Status and Special Problems of Vertical (VTOI 
and Short (STOL) Take-Off and Landing Types 
of Aircraft R. M. Woodham New York 
rhe Daniel & Florence Guggenheim Aviation 


Center of Cornell University, May, 1956. 43 
pp.. illus., diagrs 

Contents (I) Introduction, T P. Wright 
It) Status of the Art Modified Fixed Wing 
Aircraft Helicopters Convertiplane VTO 
Vertical Take-Off), Other Developments Ill 


Hazards and Special Problems Reliability 
Metal Fatigue, Fire and Crash Hazards, Noise 
Navigation Aids, Air Traffic Control, Heliports 
and Small Airports IV) Conclusion V 
Bibliography 


VIBRATION 


Fundamentals of Vibration Analysis. N. 0 
M vklestad New York, McGraw-H Book 


Company, Inc., 1956 260 pp., illu diagrs 
tables. $2.50, 

This text emphasizes fuudamenta and jis 
primarily designed for a first course in bration 
analysis at either the undergraduate or graduate 
level Since only the classical method of analysis 
is used. material is developed to present a clear 


picture of the phenomena involved while numeri 
cal and routine methods of analysis are reduced 
to a minimum 


Features include a new proof 


of the orthogonality condition, introduction of 


the concept of damped modes of free vibration 
new treatments of vibration instruments and 
balancing, and numerous problem which are 
answered in the back of the book Ihe author is 


Head of Stress, Vibration, and Gear Group 


AiResearch Manufacturing Company of Arizona 


Contents 1) Fundamentals 2) Undamped 
Vibrations of Single- Degree-of-Freedom Systems 

Vibrations of  Single-Degree-of-Freedom 
Systems with Viscous Damping 4) Sy 


One Degree of Freedom with Nonvisce 


ing 5) Undamped Vibrations of Sy 
More than One Degree of Freedom 
plication of Generalized Coordinates 7) Damped 
Vibrations of Systems with More than One De 
gree of Freedom (8) Tabular Methoc for 


Finding Natural Frequencies 


Meeting, January 23-26, 1956. 
Members $0.50 


NEW PAPER NOW AVAILABLE 


Through IAS Publications Department 


Engineering Management Philosophies 


A Symposium containing the four papers and discussions presented during a special session at the IAS 24th Annua 
Fairchild Fund Paper No. FF-14. 


Nonmembers $1.00 


AUGUST, 1956 
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“<! Personnel Opportunities 


Four- 
estrained 
ell Shells 
—— ° This section is for the use of individual members of the Institute seeking new connections and 
10) Tests organizations offering employment to Aeronautical specialists. Any member or organiza- 
es: tion may have requirements listed without charge by writing to the Secretary of the Institute. 
!-Tension 
Porsion 
FT 
Aircraft; 
wing the Wanted Propulsion Aerodynamicist—Experienced aero- 
 (VTOI nautical or mechanical engineer wanted to super- 
og Types Aeronautical Design Engineers -The Aircraft The number preceding the notice vise basic and applied research on the internal 
w York Engineering Division of aia Incorporated, is represents the Box Number of the In- and external aerodynamic characteristics of jet- 
Aviation offering outstanding employ ment opportunities engine exhaust systems Extensive research 
1956. 43 to qualified aeronautical design engineers. Many stitute of the Aeronautical Sciencesto facilities, including an 8-ft. high-speed subsonic 
employee benefits and advancement possibilities tunnel and new 17-in. transonic and supersonic 
Wright in this extremely progressive organization which inquiries should be addressed. wind tunnels, are available for experimental 
ed Wing Direct inquiries to: Kevin Keelaghan, Assistant work Applicants should have a_ thorough 
VTO Chief Engineer, Lear, Incorporated, Aircraft background in the fundamentals of jet propulsion, 
ts ll Engineering Division, Santa Monica Airport, 5 years’ experience in related engineering work, 
eliability Santa Monica, Calif aerodynamics, instrumentation, propulsion, or and proved ability to plan and direct the efforts 
is. Noise Engineers —The Turbomotor Division of structures: and other aeronautical courses of a specialized group in this expanding area of 
Heliports Curtiss-Wright Corporation is a new and rapidly Appointment will be for 9 months. starting research. For further information contact H. 
on V expanding organization which will concentrate on September 1, 1956, and salary will depend on Ww Miller, Research Department, United 
the design and development of aircraft and education and experience: advanced degree pre Aireraft Corporation, East Hartford 8, Conn 
missile propulsion systems in the low to medium ferred. If applicant desires to pursue graduate Engineering Thermodynamicist—Experienced 
power categories. Immediate openings exist for study, arrangements may be made for part-time mechanical or aeronautical engineer wanted for 
engineers qualified in the fields of compressor schedule. Résumé of education and experience specialized research in the field of engineering 
» ON. O design, combustion, turbine design, mission should be furnished in initial reply Apply to thermodynamics, compressible fluid flow, heat 
Book analysis and structural analysis. Starting Chairman of Department of Aeronautical Engi transfer, and reaction power-plant analysis. 
diagrs salaries to $15,000, depending upon qualifications neering, University of Kansas, Lawrence, Kan Position involves the organization, planning, and 
-ro A particularly attractive position currently avail- Aeronautical Engineers -Princeton Univer performance of analytical evaluations of advanced 
dies lightweight reduction gear a. and accessory Helicopter Research Program, has positions Applicants should have a Master's degree plus 
drive arrangements Also available for qualified engineers. Opportunity experience in the technical phases of 
visory position in inlets is provided for responsible research in helicopter aircraft power-plant analyses. For further 
Send to icholas Vrabel dynamics, including theoretical analyses and information contact H. W Miller, 
ieee reign ween W right Corporation, 520 Fulton experimental work with models and full-scale Department, 1 nited Aircraft Corporation, East 
stages Ave., Hempstead, N.\ machines. Openings exist on both the junior Hartford 8, Conn. 
se oe Engineers Continuously challenging oppor and senior engineering levels. These positions Professor—To teach undergraduate courses in 
hie kis tunities in long-range missile research and de are academic appointments with corresponding aerodynamics and related fields, to design and 
pasts cae velopment programs offered to qualified engineers University privileges, including 1 month's annual supervise construction of teaching and research 
ees re experienced in aerodynamics, structures, thermo vacation, participation in graduate course work, laboratory facilities, and to do part-time research 
asthiar a dynamics, electromechanics, or electronics. Com and other benefits. Please send résumé to Advanced degree and industrial experience 
Sy ES pany is moving into new $1,600,000 quarters in L. Goland, Department of Aeronautical Engi desirable. Salary and rank depend upon quali 
Arizona Santa Barbara, Calif., within the year. Send neering, Princeton University, Princeton, NJ fications Address inquiries with complete 
license résumé to: Aerophysics Development Corpora Instructors and Research Engineers Several personal data and photograph to: Head, Depart- 
Sy ee tion Studebaker-Packard Corporation sub openings are available for men to teach and ment of Aeronautical Engineering, Alabama 
OY ES sidiary P.O. Box 919, Santa Monica, Calif participate in research. M.S. or Pa.D. with Polytechnic Institute, Auburn, Ala 
tems of Attention: Mae Ward, Personnel experience in aerodynamics, dynamics, or pro- Weight and Balance Control —Bendix Missile 
Damp Instructor -The Department of Aeronautical pulsion required. Salary and rank depend upon Section, prime contractor for the ‘Talos’’ 
ems with Engineering at the University of Kansas has an experience. Send résumé to E. KE. Brush, guided missile, has several challenging and 
6) Ap opening for an instructor to teach the following Department of Aeronautical Engineering, Texas interesting positions open in the Weight and 
Damped aircraft design; aeronautical laboratory courses in A&M College, College Station, Tex Balance Control Section. Their expanding 
One De 
hod for 
INDEX TO ADVERTISERS seeking Engineering Personnel 
COMPANY and LOCATION PAGE COMPANY and LOCATION PAGE 
AC Electronics Division, Milwaukee 2..........cceeeeeeeeeee 174 General Electric Co., Cincinnati; & Idaho Falls, Idaho......167, 170 
———— AiResearch Mfg. Divisions, Los Angeles; & Phoenix, Ariz........ 100 Hughes Aircraft Co., Culver City, Calif............e0eeeeeee - 168 
COUPON . 174 Johns Hopkins University, Silver Spring, 172 
Armour Research Foundation, Chicago..........eeeeeeeeeeee 149 Kaman Aircraft Corp., Bloomfield, Conn...............++++-- 160 
Avco Defense & Industrial Products, Stratford, Conn.........:. Ine, sic 91 
Boeing Airplane Co., Seattle; & Wichita, Kan...... 165 Lockheed Aircraft Corp., Burbank, Calif........ 
Caltech Jet Propulsion Laboratory, Pasadena, Callif.. 147 Los Alamos Scientific Laboratory, Los Alamos, N.M.. . . wee wae 
Gos, WING, 146 Marquardt Aircraft Co., Van Nuys, 170 
Chance Vought Aircraft, Inc., Dallas, 173 The: Glenn Martin Co., 
San Diego, Calif... Olin Mathieson Chemical Corp., New York.... 
Cornell Aeronautical Laboratory, Buffalo 21................ 155 Reaction Motors, Inc., Denville, N.J............- PPO 
Decision tnc., Cincinnall Solar Aircraft Co., San Diego, Calif......... 
Douglas Aircraft Co., Inc., Santa Monica, Calif............... 153 Southwest Research Institute, San Antonio 6, Tex............. 149 
Fairchild Guided Missiles Division, Wyandanch, N.Y........... 95 Temco Alreratt Corp, Dallas, < 
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Aero- 
dynamicist... 
to $10,500 

in this 
stimulating 
missile 

test 

work 


You will be challenged 
by the problems 
involved in analysis of 
long range missile 
performance from data 
acquired through 
external and internal 
instrumentation. 
Master’s degree plus 
courses in theoretical 
aerodynamics, trajectory 
analysis, advanced 
calculus and theory 

of flight. 


Join a scientific team 
at top level in this 
unprecedented work 
with a world leader 
in electronics. Ideal 
living conditions on 
Florida’s Central 
East Coast. 


To arrange confidential interview, 
send resume to 

Mr. H. C. Laur, Dept. N-23H 
Missile Test Project 

P. O. Box 1226 

Melbourne, Florida 


Engineers in 
traiming... 

Experienced 
engineers... 


... there's no limit to the oppor- 
tunities open to you as members of 
the OMAR team in the fields of: 

Rocket and Ramjet Engines 

Propellants and Fuels 

Testing and Evaluation 
Positions are open for the 
following: 

mechanical engineers 

combustion engineers 

aeronautical engineers 

stress analysts 

turbine engineers 

thermodynamicists 

servo engineers 

electrical engineers 

nuclear engineers 

ordnance engineers 

instrumentation engineers 

test engineers 

development engineers 

process design engineers 

production engineers 

physicists 

mathematicians 

organo-metallic specialists 

inorganic chemists 

organic chemists 

polymer chemists 

electrochemists 

physical chemists 

analytical chemists 
On the OMAR team, your're affiliated 
with pioneers in the field of supersonic 
propulsion: Reaction Motors, Ine., 
first in the American rocket industry; 
Marquardt Aircraft Company, the 
West's largest jet research and devel- 
opment center and first in ramjets; 
Olin Mathieson Chemical Corpora- 
tion, a leading producer of chemicals, 
metals, explosives, and high-energy fuels. 

You're on a team that unites for the 
first time both chemical and mechani- 
eal experience In research, develop- 
ment, and production of supersonic 
rockets, ramjets. and liquid and solid 
propellants. 

For further information write 
OMAR Employment Officer at the 
company nearest you. 

Olin Mathieson Chemical Corporation 

468 Park Avenue, New York 22, N. Y. 


Reaction Motors, Inc. 
Denville 5, New Jersey 


Marquardt Aircraft Company 
16558 Saticoy Street 
Van Nuys, California 
3907 


ENGINEER, ME AE 


Aero-Thermodynamic Development 
On 
Nuclear Aircraft Engine Units 


rhe application of nuclear energy to 
aircraft flight requires tl f 
many contributory talents. General 
Electric's ANP Department en- 
courages the growth of such ta \ 
offering the qualified engines 
environment that frees his creat 


ness while increasing his value 


Qualifications include 2 to ¢ 

perience in thermodynamics and aero- 
dynamic development. Work involves 
thermodynamic and fluid flow aspects 
of turbine type aircraft engines and 


components. 


Openings at Cincinnati, Ohio and 
Idaho Falls, Idaho 


Address replies, statin 


requirements, to location 


W. J. Kelly 
P.O. Box 132 
Cincinnati, O. 


L. A. Munther 
P.O. Box 535 
Idaho Falls, Idaho 


GENERAL @@ ELECTRIC 


ATTENTION ADVERTISERS 


YOUR 
BEST INVESTMENT 
IN 


ENGINEERING 
READERSHIP 


IS 


AERONAUTICAL 
ENGINEERING 
REVIEW 


The ONLY magazine serving the 
specialized interests of profes- 
sional engineers and design proj- 


ect teams in the aviation industry. 
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missile program requires additional experienced 
technical personnel who are qualified to resolve 
problems dealing with the calculation of weights 
and balances and the attendant problems of 
center of gravity, moments of inertia, and weight 
distribution. In addition, the preparation of 
drawings and reports together with the coordina- 
tion of effort with other engineering sections will 
make these positions attractive. If you are 
seeking more challenge and more responsibility 
and if you desire to work with an aggressive 
company in a fascinating field, write to: Earl 
D McConnell Personnel Director Bendix 
Products, Missile Section, 400 S. Beiger St., 
Mishawaka, Ind 
Wind-Tunnel Manager—Excellent opening 
for manager of low- and high-speed wind tunnels 
under development for commercial and research 
operation. Salary comparable with industry. 
Send résumé to E. E. Brush, Department of 
Aeronautical Engineering, Texas A&M College, 
College Station, Tex 
758. Aeronautical Engineer—-An eastern uni- 
versity has opening for head of established 
helicopter and VTOL research program. Salary 


commensurate with experience and ability 


Available 


757. Technical Management Team-—Two 
man team versed in basic science, engineering 
and management Experience in civilian and 
military technical organizations includes research 
development, and production. M.Se.E. and 
M.A. with postgraduate studies; specialists in 
aircraft and propulsion fields. Skilled in the 
application of systems concepts to management 
problems Experienced in obtaining maximum 
efficiency in production through better utilization 
of engineering and technical personnel 

756. Engineer — Administrator — Diversified 
engineering background; specialist in aero 
thermodynamics Would like a difficult job 
requiring initiative, intelligence, and the ability 
to coordinate group efforts. Excellent scientific 
background in modern aircraft and propulsion 
systems design M.Sce.E. and over 15 years of 
experience in research, development, and design 
at working and supervisory levels. Primarily 
interested in obtaining results. Skilled in the 
effective utilization and development of personnel 
in scientific and engineering fields 

755. Project Manager or Executive Assist- 
ant--15 years’ experience in aircraft and jet 
engine industry. Three years as assistant to 
general manager of medium-size aircraft manu 
facturer. Extensive experience in project and 
contract administration. Good background in 
design and production engineering Age 32 
Desires position in western New York State or 
northeastern Ohio. Résumé on request 

754. Communications Engineer—Presently 
employed in the engineering department of an 
East Coast air-frame manufacturer. Desires to 
relocate in the West Coast area. Four years’ 
experience in research on microwave vacuum 
tubes, cavity resonators, capacity adapters, and 
components; 3 years’ experience in designing 
electronic installations in helicopters and jet 
aircraft. Additional service experience includes 
responsiblity for all electrical and instrument 
maintenance in Marine Corps helicopter squad 
ron. Has also done technical illustration for 
publications 

753. Mechanical Engineer—B.S.M.E., M.S 
Applied Mechanics Five years’ experience as 
project engineer in applied mechanics and ma 
terials engineering research, including experience 
im stress analysis, testing. creep, and high 
temperature problems. One year of additional 
experience in design. Desires position in the 
field of aircraft or missile development 

752. Administrative (Liaison, Representa- 
tive) Twenty-five years’ diversified commercial 
and military aviation experience involving sales 
and service, maintenance, overhaul and repair, 
flight operations, airport management inspec 


PERSONNEL OPPORTUNITIES 17] 


NORTH AMERICAN’S 


Columbus Division 


Provides OHIO Opportunities 
For Experienced ENGINEERS 


In Columbus, thousands of professional people have found 
a city that satisfies an educated way of life. Columbus offers 
fine centers of learning and cultural opportunities. 

At North American’s Columbus Division, many of these 
people work on the completely sufficient, young but proved 
engineering team dedicated to one of aviation’s greatest 
challenges—the design, development and manufacture of 
North American's Naval airplanes. 

The highly regarded FJ-4 FURY JET is a ‘‘concept-to- 
flight'’ Columbus Division product, and stability from asso- 
ciation with North American Aviation, the company that has 
built more airplanes than any other in the world... compose 
a career opportunity worth investigation by any engineer: 


A SELECT FEW POSITIONS ARE OPEN 
IN EACH OF THESE FIELDS: 


Aerodynamicists, Thermodynamicists, Dynamicists, Stress 
Engineers, Structural Test Engineers, Flight Test Engineers, 
Mechanical and Structural Designers, Electrical and Elec- 
tronic Engineers, Wind Tunnel Model Designers and Build- 
ers, Power Plant Engineers, Research and Development 
Engineers, Weights Engineers. 

For the Full Story On Your Ohio Future, Write Today: 
Mr. J. H. Papin, Personnel Manager, Department 56AER, 
North American's Columbus Division, Columbus 16, Ohio. 


Engineering Ahead for a Better Tomorrow 


American Aviation, INC. 


COLUMBUS DIVISION 
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AERONAUTICAL ENG 


ENGINEERS, 


Aerodynamics & Propulsion 


If you can do 
original work 


. you should consider The Johns Bopkins University Applied 
Physics Laboratory (APL), where creative ideas are recognized and 
supported. 


The Laboratory is primarily concerned with research, development 
and engineering of guided missiles and missile systems. A sizable pro- 
gram of fundamental research is concurrently in progress 


APL is responsible for technical direction of the Navy’s Bumblebee 
guided missile program. As pioneers in guided supersonic flight, APL 
developments include the first supersonic ramjet, and the missiles 
TERRIER, TALOS, and TARTAR. The Laboratory presently is 


engaged in further development of these and more advanced missiles. 


An organization of and for scientists and engineers, APL’s staff of 
1200 includes nearly 500 professional men. Two features distinguish 
the organization: (1) the self-dependence of staff members who work 
in an atmosphere of free inquiry and are unhampered by the usual ad- 
ministrative details, (2) the fluidity of relationships among the groups 
engaged in the many areas of technical endeavor 


Problems are attacked by teams, each composed of members drawn 
from all requisite professions. A close contact between research and 
engineering is maintained. This team approach allows each staff mem- 
ber to acquire broad knowledge of the problem under attack, find his 
creativity heightened and supported. Salaries are comparable to those 
of other R & D organizations in the missile field. Relocation expenses 
are paid for applicants selected. 

Our new air-conditioned laboratories are exceptionally well 
equipped. Their location in the Washington D.C imore periphery 
places staff members near fine housing in all price ranges and near recre- 
ational and cultural facilities. Several excellent universities in the area 
make it convenient for staff members to avail themselves of our liberal 
educational benefits. 


OPENINGS EXIST IN: 
DEVELOPMENT: Stability and control analysis; ramjet engine 


design; preliminary design and wind-tunnel testing 


RESEARCH: Interference and heat transfer phenomena; internal 
aerodynamics; hypersonics, turbulence, shock wave phenomena; com- 
bustion. 


For Additional information write: Professional Staff Appointments 


The Johns Hopkins University 


Applied r hysics Laboratory 


8605 Georgia panied Silver Spring, Md. 


1956 


tion, contract school supervisor, domestic ind 
international flying as military air-line pilot 
Six years of USAF staff-level inspection (In 
spector General) experience in staff coordination 
and supervision, troubleshooting, expediting, and 
elevating management efficiency USAF Senior 
Pilot, CAA Commercial Pilot, A&E, ground jin- 
structor certificates Liaison experience in 
manufacturing, contract carrier, and civilian 
contract school activities. Successful sales and 
business management background Interested 
in industrial relations, customer relations, and 
military liaison Desires a staff, administrative 
or supervisory position where mature judgment 
and management ability are required Progres 
sive, flexible, can assume responsibility Age 46 
Prefers connection with a company located in 
general area of Los Angeles or representation of a 
distant firm in a Los Angeles branch office 


Résumé on request 


THE IAS LIBRARY 


Publications treated in the 
‘Aeronautical Reviews’’ sections 
are maintained by the Library for 
use by the [AS Membership. They 
are nol for sale but are made ayail- 
able through the facilities of the 
Library. 

LENDING SERVICES: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

PHotrocopy SrErvices: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 Kast 64th Street 
New York 21, New York 


Change of Address 


Since the Post Office Department 
does not as a rule forward magazines 
to forwarding addresses, it is impor- 
tant that the Institute be notified of 
changes in address 30 days in advance 
of publishing date to ensure receipt 
of every issue of the Journal and 
Review. 


Notices should be sent directly. to 
the Institute of the Aeronautical 
Sciences, 2 East 64th Street, New 
York 21, 
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